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Abstract 
Increasing numbers of older people are living independently for longer. The 
ability to use domestic information-processing appliances, such as washing 
machines and microwave ovens, to carry out activities of daily living is an 
important aspect of independent living. The focus of this research was on the 
design of operational interfaces on domestic information-processing 
appliances for older adults.  
Inclusive and user centred design are used to create operational interfaces 
that address users’ ergonomic needs. An early study carried out as part of 
this research identified unclear relationships between operational interfaces 
and instructional materials, such as cooking instructions on food packaging 
or washing instructions on clothes, as a major concern. Two impediments to 
the flow of a task were identified: interaction breakdown (where the task is 
stalled) and focus shift (where a user is distracted from the task). 
Given the importance of these to the use and therefore design of the 
operational interface, a coding scheme was developed to enable systematic 
analysis of participants’ interactions with operational interfaces and 
associated instructional information. The coding scheme covers participants’ 
interactions with operational interfaces and the task being carried out. The 
research concluded that inability to use operational interfaces was because 
of limited connections between visual instructions on the interfaces and 
instructional materials. Also, habitual behaviours demonstrated in the routine 
activities could be used to design improved visual instructions and 
information in sequential series on operational interfaces. 
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Chapter 1 
Introduction 
 
The UK population is growing and ageing. If recent patterns continue, 
individuals born in 1980 could expect to live on average 89 years. This 
increases to over 94 years for individuals born in 2015. Based on current 
projections, by 2037, individuals could expect to live on average 97 years 
(Office of National Statistics (NOS 2016). In the UK, the number of older 
people living independently in their homes is expected to increase, while the 
number of people available to provide specialist and non-specialist care is 
expected to decrease Pirkl (2009). Demands on public services, family 
fragmentation and geographical dispersal of relatives means that older 
adults are living alone for longer periods of time. With life expectancy 
increasing, the effects of older adults living longer will require improved 
understanding of what older adults need from their homes and domestic 
environments and designs of consumer products that address these needs. 
Undertaking a masters degree in Industrial Design at the Royal College of 
Art, London in 1998 sensitized the author to the difficulties experienced by 
older adults in activities of daily living. Exposure to the daily experiences of 
stroke recovery and rehabilitation patients, as part of a design project whose 
goal was to improve independence through the design of tableware, 
provided insights on the reality of older adults with age related cognitive 
decline Morris & McKay (2009). These insights included aspects and the 
effects of ageing, and how to respond to the aging process through 
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improved product designs. This PhD study built on these insights by 
concentrating on activities of daily living and the design of household 
appliances with a focus on operational interfaces designed for older adults. 
Independent living requires an ability to carry out activities of daily living in 
public spaces and within the home Holt (2006). Lyubomirsky et al. (2005) 
argue that, for older adults, participation in ‘intentional’ activities can facilitate 
independence and well-being. They suggest that older adults who are able 
to continue activities of daily living which have become routine or habitual, 
for example, washing, cleaning and cooking, gain higher levels of 
independence and autonomy. Seligman (2011) argues that although routine 
and habitual behaviours are the ideal for wellbeing, for many, living 
independently combines positive emotions, relationships, meaningful and 
purposeful activities, and more importantly accomplishments such as 
success and achievement. 
Malinowsky et al’s (2012) study on ageing and living independently provides 
insights on the challenges faced by older adults who experience reduced 
independence. (Rosenberg 2009a & 2009b) argue that the negative effects 
on older adults’ quality of life lead to higher health and social costs. He 
suggest that product designers can facilitate and enable independence 
through effective design of household products. 
A number of research projects have defined the landscape to improve 
products, devices, services for older adults in kitchen environments. For 
- 3 - 
 
example, the ‘Life Long Kitchen’1 project (2016) aimed to improve the quality 
of life of older people. Hunter (2016) observes how older adults continue to 
stay living independently, safe in the knowledge that their nutritional needs 
and wishes are being met. Empirical studies have found that older adults 
living independently in their homes rely on domestic information-processing 
appliances such as cookers and microwave ovens to meet their nutritional 
needs. Bharucha et al. (2009) argue that there is an increase in the number 
of information-processing appliances that respond to the physical and 
cognitive needs of older adults. Studies by Wilkinson & De Angeli (2014) 
argues that many of the features on operational interfaces can support 
appliance usability. However, operational interfaces on such appliances 
remain inaccessible to many older adults. For example, older adults 
experience difficulties with operations on washing machine and  microwave 
oven operational interfaces. Such difficulties have a disproportionate effect 
on older adults information-processing abilities and interactions. Operational 
interfaces that include complex elements, such as menu systems have 
detrimental effects on usability. Often associated with technological 
innovation, Maguire et al. (2014) suggest that these novel features lead to 
older adults becoming unwilling to use domestic information-processing 
appliances.  
Empirical studies on older adults’ use of operational interfaces on domestic 
information-processing appliances are variable. Research has focused on 
four main areas: developing new technology and systems; understanding 
                                            
1 The Life Long Kitchen project is a multidisciplinary research initiative 
funding by New Dynamics of Ageing ((NDA) 
http://www.lifelongkitchens.org/advisory-group.html) 
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consumer choices; providing standards and guidelines; and designing 
methods for improving research. (Mugge & Schoormans, 2012a & 2012b) 
argue that to provide standards and guidelines, an understanding of how 
older adults use operational interfaces is required. Jones & Sarter (2008) 
suggests that poor feedback and the complex arrangement of operational 
interface features are, a major cause of experienced difficulties. 
Furthermore, these operational interface features cause breakdowns in 
human-machine interaction. Park (2011) argues that improved methods for 
operational interface design requires greater knowledge about older adults’ 
interactions and information-processing activities. Moreover, he suggests 
that data should be acquired in the context of analyses of human activities. 
Malinowsky et al. (2010) argues that the most common reported operational 
interface issues are related to information design on the interface 
specifically, how they are intended to be actioned. Shneiderman, (2010) 
argues that information on operational interfaces tends not to conform to 
inclusive and user centred design principles. Kemper et al. (2008) observe 
that older adults experience a range of difficulties with information on 
operational interfaces, which has a detrimental impact on, understanding 
and decision making based upon them. Understanding the influences and 
use of information by older adults has the potential to improve operational 
interface designs for older adults, thus, contributing to improved well-being 
and independence. This is the focus of this thesis. 
1.1 Research Scope  
Many older adults live and cope with less than full information-processing 
ability. Product designers can facilitate and enable older adults’ interactions 
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and information-processing activities if they understand the procedures and 
operational sequences used in tasks. The research reported in this thesis 
explores the value of articulating older adults’ information-processing 
activities and interactions for the design of operational interfaces. Moreover, 
the research identifies older adults’ operational sequences, procedures, 
actions, operations and activities using domestic information–processing 
appliances. In addition, the thesis provides insights on factors that affect 
information-processing activities and interactions with operational interfaces 
on domestic information-processing appliances. 
Policy makers and older people recognise that there is a need for 
operational interface designs targeted at the older consumer. Products 
designed for the changing needs of older adults are in demand Clarkson et 
al. (2013). Addressing the expectations of older adults requires an 
understanding of operational interface issues associated with operational 
features and the processes, procedures and operations used by older 
adults. The research challenge lies in understanding the range of 
approaches, techniques and methods used by older adults to process 
information and carry out activities of daily living, such as washing bedding 
using a washing machine and  heating a pre-cooked ready meal using a 
microwave oven. 
1.2 Aim & Objectives 
The aim of this research was to explore approaches for supporting 
independent living through the design of operational interfaces that mirror 
the real-life processes in activities of daily living.  It is important to consider 
interactions and information-processing amongst older adults with age 
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related cognitive decline because of the effects of reduced information-
processing abilities, and older adults’ experiences and perceptions of 
performing tasks with domestic information-processing appliances. The 
overarching research question addressed by the research was, 
“What types of operational user interface can support older adults with 
reduced information processing capabilities in using domestic information-
processing appliances more effectively?” 
The following objectives were pursued. 
1. Determine ways in which designers respond to the changing needs of 
older adults in the design of operational interfaces on domestic 
information-processing appliances through a review of literature. 
2. Identify operational interface design goals through observations of 
older adults using operational interfaces on domestic information-
processing appliances to carry out activities of daily living. 
3. Establish evaluative performance criteria to enable the design, 
development and assessment of an alternative operational interfaces 
for a domestic information-processing appliance. 
4. Design and develop an alternative operational interface for a 
domestic information-processing appliance and evaluate its effect on 
older adults’ interactions. 
5. Establish a framework to enable the assessment of interactions and 
information-processing activities in the use of operational interfaces. 
6. Evaluate the framework by using it to analyse the effects that 
information-processing has on older adult interactions with domestic 
information-processing appliances. 
- 7 - 
 
1.3 Structure of Thesis  
The thesis is positioned on three overlapping areas: product design, older 
adults and domestic information-processing appliance design. Figure 1.1 
gives an overview of the topics covered in this study. 
 
 
 
Figure 1.1 Overlapping Intersections Between Topic Areas 
 
 
Chapter 2, outlines approaches used by product designers to design 
operational interfaces for older adults. Theoretical dimensions of information-
processing and the ageing process are also outlined. In Chapter 3, the 
methodological approach used and the experimental design used in the 
research study are introduced.  
Chapters 4-7 reflect the structure of the research process used. Chapter 4, 
provides insights on how two participants interacted with appliances. The 
characteristics of operating system design including hardware, software and 
menu systems on a microwave oven and a washing machine are explored. 
Older Adults 
Product Design
Domestic 
Information-
Processing 
Appliance 
Design
x 
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Naturalistic inquiry case studies focused on participants’ activities and goals. 
Evaluative performance criteria are introduced in this chapter and were used 
to describe characteristics of interactions using domestic information-
processing appliances. 
Chapter 5 provides a more detailed understanding of how the participants 
interacted with the operational interfaces and the instructional materials. 
Characteristics of sequential operations, operational procedure and 
information-processing activities are explored. A coding scheme for use in 
the analysis of the interactions and information-processing with operational 
interface is established. 
Chapter 6 compares a new operational interface design based on evaluative 
performance criteria for a microwave oven with the current one. The 
development of the new operational interface itself is summarised in 
Appendix A. The study provides insight on how eight participants interacted 
with two different operational interfaces. The coding scheme was used in the 
analysis of the interactions and information-processing activities using the 
new and current operational interfaces. In Chapter 7, conclusions are drawn 
and recommendation for future and further studies are made.  
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Chapter 2 
Literature Review 
 
The literature focuses on the three broad topics: how older adults use 
domestic information-processing appliances; how older adults use 
operational interfaces; and how product designers might improve the design 
of operational interfaces for domestic information-processing appliances. 
Theoretical dimensions of information-processing and ageing are 
summarised.  
2.1 Activities of Daily Living 
Given anticipated changes associated with an ageing population, a key 
challenge for product designers is to respond with solutions that enable older 
adults to live independently for longer.  Consumer appliances often referred 
to as white goods, task-specific appliances or ‘domestic information-
processing appliances are widely used in activities of daily living.  Examples 
of domestic information-processing appliances include washing machines, 
dishwashers and microwave ovens.  As such the design of consumer 
appliances that are better suited to the needs of older adults is becoming 
increasingly important. 
A number of studies have identified a need for improved visual instructions 
and directions on the user interfaces of domestic information-processing 
appliances. Visual instructions and directions used on these products are 
typically communicated through the design and location of interface 
elements such as switches, buttons and control knobs.  Consumer 
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dissatisfaction is often the result of multiple errors in use caused by complex 
arrangements of visual instructions and directions on such user interfaces.  
The challenge addressed through this research was to provide principles 
and guidelines to enable the design of operational interfaces that influence 
and support improved user-product interaction.    
Domestic information-processing appliances need to be designed to be both 
usable and used by older adults.  The goal of this research was to enable 
older adults to have self-supported and fulfilled lives for longer, through the 
design of improved operational interfaces. In the future, this changing norm 
within society, from serving younger to older markets, will demand a change 
in the focus of products designed for older adults: from functional and 
technical operating systems to operational interfaces designed for people 
with reduced capabilities.  
Table 2.1 combines activities for daily living from the Nottingham Extended 
Activities of Daily Living scale Nouri et al. (1987) with capabilities from the 
Cambridge Inclusive Design Cube Keates et al. (2004) adapted by Holt 
(2007). The matrix in Table 2.1 was used to frame the research study in the 
context of the activities of daily living. 
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Table 2.1 Nottingham Extended Activities of Daily Living Scale and the 
Cambridge Inclusive Design Cube adapted from Holt (2007) 
Capabilities Required 
[from Cambridge  
Inclusive Design  
Cube] 
 
Activities of Daily Living 
[from Nottingham Extended  
Activities of Daily Living scale] 
Motion 
Capabilities 
Sensory 
Capabilities 
Cognitive 
Capabilities 
S
 O
 C
 I
 A
 L
  
 
 A
 S
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 E
 C
 T
 S
 
L
o
c
o
m
o
ti
o
n
 
R
e
a
c
h
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 S
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e
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h
 
D
e
x
te
ri
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V
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H
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n
g
 
C
o
m
m
u
n
ic
a
ti
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n
 
In
te
ll
e
c
tu
a
l 
fu
n
c
ti
o
n
in
g
 
MOBILITY         
Walk around outside         
Climb stairs         
Get in and out of the car         
Walk over uneven ground         
Cross roads         
Travel on public transport         
IN THE KITCHEN         
Feed yourself         
Make yourself a hot drink         
Take hot drinks from one room to 
another 
        
Do the washing up         
Make yourself a hot snack         
DOMESTIC TASKS         
Vacuum cleaning         
Wash small items of clothing in a 
washing machine 
 X X X X X X  
Do your own shopping         
Do a full clothes wash  X X X X X X  
Cooking a meal  X X X X X X  
Heating a ready meal in a microwave 
oven appliance 
 X X X X X X  
LEISURE ACTIVITIES         
Read newspapers and books         
Use the telephone         
Write letters         
Go out socially         
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Table 2.1 shows older adults’ capabilities investigated in this research study 
and includes: reach  and stretch, dexterity, vision hearing, communication 
and intellectual functioning. Locomotion and social aspects do not normally 
task an individuals’ ability to conduct an operational procedure with an 
information-processing appliance. 
Domestic information-processing appliances are predominantly operated 
through user-product interactions that include physical, cognitive and visual 
responses.  Interactivity is managed with limited interactive resources such 
as menu selection, soft function keys and small displays. This interaction 
relies on the operator being able to perform tasks which involve good eye 
and hand co-ordination.  Many older adults are currently unable to use visual 
instructions and directions on the displays and controls of domestic 
information-processing appliances, because interaction paradigms do not 
match visual and cognitive processing levels of older adults.   
As people age, they go through a number of physiological and cognitive 
changes. Taking these changes into account might enhance product 
usability and increase product interaction qualities for all consumers.  In the 
past, attempts to create appliances that are both technically sound and 
functional, has resulted in products which are not always universally 
applicable to needs and requirements of people who are less physically, 
cognitively, and visually able. Redstrom (2006) argues that, when designing 
displays and controls on appliances, their association with either an activity 
or an operational procedure should be prioritised over styling and aesthetics.   
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The design of operational interfaces which are based on an understanding of 
the determinants which effect usability, such as information-processing skills 
of individuals and technology are likely to be more general than products for 
older adults with specific disorders. Currently, practical product design 
guidance on how to address reduced capabilities is lacking, however, 
matrices that combine activities for daily living Nouri et al. (1987) with 
reduced capabilities Keates et al. (2004) are being used increasingly to 
frame research.  
2.2 Older Adults & Their Use of Domestic Appliances 
As the world's ageing population living independently increases, research 
will become more concerned with the design of domestic information 
appliances used by older adults in the home Ficocelli et al. (2012). Higgins & 
Glasgow (2012) identifies the significance of domestic information-
processing appliances to older adults in the activities of daily living. They 
observe that older adults’ ability to use domestic information-processing 
appliances depends on three closely linked factors: operational interface 
designs; categories of information; and operations on the appliance. Their 
study shows the relevance of links between information, operational 
interface design and operational sequences to older adults. They observe 
that older adults refer to similar pieces of information and operational 
interface features on similar appliances.  
Mustaquim (2015) evaluates the strengths and weaknesses of operational 
interface designs. He identifies reasons why information designs on 
operational interfaces tend not to suit older adults. He suggests that 
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operational interface issues results from inconsistencies information on 
operational interfaces. He points out that information inconsistency is major 
a concern to older adults. There is a significant body of research to suggest 
that good operational interface design is obtainable. Johnson et al. (2012) 
argue that understanding older adults' abilities, needs and expectations is 
key to providing them with adequate instructions and direction on operational 
interfaces. Ghayas (2013) observes older adults using features such as 
symbols, images, text, icons and lettering. He argues that visual instructions 
are vital for older adults’ perceptions of usefulness of product characteristics. 
Bruder et al. (2014) argue that a large number of operational interfaces are 
now part of older adults’ everyday lives. Moreover, older adults learn to use 
operational interfaces by trial and error.  Their study observes older adults 
with little experience using new operational interfaces. They draw the 
conclusion that older adults ‘struggle’ to use everyday operational interfaces. 
Bruder et al. (2014) argue that studies which document older adults’ use of 
everyday operational interfaces in the home are small in number. Elton et al. 
(2013) concur with Bruder et al. (2014), however, they argue that studies 
which do consider older adults’ use of everyday operational interfaces focus 
the attention on older adults’ abilities, rather than taking into account the task 
conditions. A study carried out a decade before Elton et al. (2013), by 
Huppert (2003) identifies five user characteristics affected by task 
conditions: perception, working memory, cognitive load, work load and 
concentration.   
Hurtienne et al. (2013) show why it is relevant to identify the effects of task 
conditions on older adults’ abilities. They argue that it provides a context for 
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assessing human activity, thus, presenting a true assessment older adults’ 
abilities. Their study observes older adults experiencing ill-defined and 
inconsistent task conditions. They suggests that task conditions are, in part, 
a major reason why older adults’ experience difficulties when operating 
appliances. Hurtienne et al. (2013) draw attention to older adults’ processing 
abilities, or lack of it, and the wider range of information-processing activities 
needed to use operational interfaces on domestic information-processing 
appliances. Central to their argument are insights on the differences 
between cognitive operational interface issues experienced by older adults.  
Studies which focus on older adults’ operational interface issues tend to 
emphasise the needs for: tactile interface design Calypoole et al. (2016); 
interactivity Duh et al. (2016); operational system design Mayer et al. (2016); 
usability testing Castro et al. (2015); service design Coelho et al. (2013); and 
co-design methods Mitzner et al. (2016). Newell et al. (2007) argue that 
evaluations of operational interfaces on domestic information-processing 
appliances with older adults are variable. They argue that studies present 
data collection methods which fail to interpret older adult’s interactions, 
processes and activities. They suggest that observations of older adults’ in 
accordance with these factors present methodological challenges and 
opportunities for user-centred design. One significant challenge is identifying 
the variances in ageing and age-related decline. 
Identifying heterogeneity in the ageing process presents design challenges 
and opportunities for product designers Kawamoto (2013). Studies suggest 
that there is diversity of older adults’ attention levels, concentration, 
perceptual load, cognitive load and word comprehension Yen (2013). Dah 
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(2016) argues that there is a misunderstanding of heterogeneity in the 
ageing process. He points out that this is only one way to explain the 
inadequacies of operational interfaces for older adults. He suggests that 
older adults are disadvantaged by operational interface designs that focus 
on frailty and diseases, rather than the transitional process of ageing. Clay & 
Barrel (2013) show that on many occasions operational interface designs for 
older adults are based on misleading stereotypes and unfounded indicators 
of the ageing process. Peter (2010) observes older adults using products 
and suggests that older adults, like products, have personalities and 
characteristics of interactions. Furthermore, Atkinson et al. (2010) suggest 
that definitions of these characteristics of interactions are needed to specify 
design requirements for operational interfaces for older adults. Their study is 
particularly interesting, because they argue that there are significant 
differences in older adults’ behaviours, processes, activities, actions and 
operations when they experience difficulties using operational interfaces. 
2.3 Review of Standards & User Centred Design Guidelines  
This sections sets out the key international standards in the area of user-
centred design, however, many of the standards have coverage of design for 
reduced capabilities. The main body of standards in this area are those 
produced by the International Organization for Standardization (ISO). In 
addition to standards, there are a large number of user centred design 
guidelines that have been published by individuals and organisations. When 
designing a domestic information-processing appliance it can be worth 
consulting these types of guidelines . There are also guidelines that provide 
- 17 - 
 
recommendations concerning usability of different types of products, 
systems and services for users with disabilities. 
Standards  and user centred design guidelines can be divided up into four 
main categories.  
• Understanding accessibility issues. 
• Understanding system issues. 
• Describing end user requirements and defining desirable properties of  
products. 
• Re-engineering existing designs by redeveloping or adapting 
elements. 
The  standards and user centred design guidelines shown in Table 2.2 set 
out requirements. Few provide an understanding of the human activities  
when performing a task with a domestic information-processing appliance, 
the context of use, operational user interaction, or instructional material 
characteristics. Table 2.2 shows the sources used. Standards and guidelines 
tend to be limited to classifications and guidance in four areas: 
understanding, engineering, re-engineering and describing operational 
interfaces.  
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Table 2.2 (a) Sources used for the Review of Standards & User Centred 
Design Guidelines 
 
British Standards & 
European Legal 
Frameworks 
Source Brief description of use 
The Inclusive Design 
Toolkit Clark (2000) 
http://www.inclusivedesign
toolkit.com/betterdesign2/ 
A tool for understanding 
customer diversity to design 
better mainstream products 
Understanding accessibility 
issues 
 
Heuristics of Usability 
Nielsen (1995) 
http://www.nngroup.com/a
rticles/ten-usability-
heuristics/ 
Ten general principles for 
interaction design 
 
Understanding accessibility 
issues 
 
System Usability Scale 
http://www.usability.gov/h
ow-to-and-
tools/methods/system-
usability-scale.html 
A tool for measuring the 
usability of domestic 
information-processing 
appliances  
 
Describing end user 
requirements and defining 
desirable properties of  products 
 
Activity – Centred 
Design: An Ecological 
Approach to Designing 
Smart Tools and Usable 
Systems (Acting with 
Technology) Gay & 
Hembrooke (2004) 
Ecological Approach to 
Designing 
Describing end user 
requirements and defining 
desirable properties of  products 
 
The Design of 
Everyday Things Norman 
(2013) 
Product Usability Guidelines 
Describing end user 
requirements and defining 
desirable properties of  products 
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Table 2.2 (b) Sources used for a Review of Standards & Guidelines 
 
British Standards & 
European Legal 
Frameworks 
Source Brief description of use 
ISO-IEC Guide 
71:2014 - Guide for 
Addressing Accessibility 
in Standards 
A guide with information 
about Understandability in 
Clause 6.2.6 
 
Understanding accessibility 
issues 
 
. 
ISO-IEC Guide 
71:2014 - Guide for 
Addressing Accessibility 
in Standards 
A guide with information 
about People in Clause 7 and 
Terminology in Clause B 
 
Describing end user 
requirements and defining 
desirable properties of  products 
 
ISO 9241-210:2010 - 
Ergonomics of human-
system interaction – 
Part 210: 
Human-centred design for 
interactive systems - the 
international standard on 
designing human-centred 
systems 
Re-engineering existing designs 
by redeveloping or adapting 
elements 
PAS 1365:2015 - 
Codes of practice for the 
recognition of dementia-
friendly communities in 
England 
Recommendations for how to 
develop a dementia-friendly 
community 
Describing end user 
requirements and defining 
desirable properties of  products 
 
DD ISO/PAS 
18152:2003 - Ergonomics 
of human-system 
interaction 
Specification for the process 
of assessment of human-
system issues 
Understanding system issues 
 
ISO/TR 16982:2002 - 
Ed 1 Ergonomics of 
human-system interaction 
Usability methods supporting 
human-centred design 
Engineering or designing new 
systems of product part by 
redeveloping or adapting 
interaction techniques 
BS EN 301549:2015 - 
Accessibility requirements 
suitable for public 
procurement of ICT 
products and services in 
Europe 
An overview of Mandate M 
376 & Mandate M 473 - 
describes the requirements 
for software accessibility 
defined in EN 301 549 and 
includes ‘Design for All’ in 
relevant standardization 
initiatives according to a 
feature-based approach 
Describing end user 
requirements and defining 
desirable properties of  products 
 
PP 7310:1990 - 
Anthropometrics: An 
introduction 
Anatomical configurations, 
Human body, Size, 
Ergonomics and 
Anthropometric 
characteristics 
Re-engineering existing designs 
by redeveloping or adapting 
elements 
The 7 Principles and 
29 Guidelines for 
Universal Design 
http://universaldesign.i
e/What-is-Universal-
Design/The-7-Principles/ 
Guidelines on balanced 
design selection criteria 
 
Describing end user 
requirements and defining 
desirable properties of  products 
 
Universal Design – 
Product Evaluation 
Countdown 
http://www.ncsu.edu/ncsu/
design/cud/pubs_p/docs/
UDPEC.pdf 
A tool for rating a product on 
a Likart Scale – (Universal 
Design in reverse order) 
Describing end user 
requirements and defining 
desirable properties of  products 
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Publications and tools such as the code of practice for the recognition of 
dementia-friendly communities in England (PAS 1365:2015) and the 
inclusive design toolkit Clark (2000), give guidance and recommendations 
on how to assess older adults’ interactions and information-processing 
activities using operational interfaces on domestic information processing 
appliances. Although there are guidelines for designing user interfaces for 
older adults available online, they are general in nature and not explicitly 
related to the functionalities of specific domestic appliances such as 
microwave ovens and washing machines. Moreover, there is limited 
guidance for assessing and testing the usability of microwave oven and 
washing machine operational interfaces. Furthermore, fewer publications 
provide tools or methods for the assessment of older adults’ interactions and 
information-processing activities. The majority of publications tend to focus 
on older adults’ physical capabilities rather than their intellectual or 
information-processing capabilities.  
2.4 How Older Adults Use Operational Interfaces 
Rogers et al. (2005) argue that operational interface design solutions focus 
mainly on ergonomic design. Brajnik (2014) evaluates the strengths and 
weaknesses of several operational interface experience models. Their study 
describes how to implement certain ergonomic design factors for older 
adults. However, Malinowsky et al. (2010) argues that to resolve operational 
interface issues, studies should consider how older adults use operational 
interfaces.  
Rodriguez (2012) argues that product designers should consider interactions 
and information-processing activities to understand all aspects of user-
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product interactions. They argue that product designers devote attention to 
design solutions that compensate for specific sensory, motor and visual 
difficulties related to the ageing process. Furthermore, he suggests that if the 
needs of older adult are to be met, older adults’ information-processing 
abilities and activities need to be identified.  
(Frohlich et al. 2012a & 2012b) and Frohlich et al. (2013) argue that 
subjective difficulties reported by older adults tend not be adequately 
documented in research studies. Lim et al. (2012) shows the relevance of 
subjective difficulties to levels of reported operational interface issues. They 
argue that the ways in which older adults learn about operational interfaces 
differ. They suggest that older adults’ ease of learning how to use 
operational interfaces is due, in part, to experiences with technology. 
Frohlich et al. (2012) argue that older adults understandably make 
adjustments in process when learning about operational interfaces or faced 
with operational interface difficulties. Their study observes that adjustments 
in older adults’ processes are important for information-processing. 
Sonderegger et al. (2016) argue that time duration and speed of adjustments 
are indications of older adults’ processing abilities. 
Sengpiel (2011a) argues that operational interfaces in the home present 
challenges for older adults and opportunities for product designers. Imai et 
al. (2010) disagrees with Sengpiel (2011b), however, they argue that in 
recent years additional and unnecessary features on operational interfaces 
have been added. They observe that operational interfaces are changed, 
revamped or renewed annually for the same model of appliances. They 
identify that these additional features on operational interfaces cause major 
- 22 - 
 
operational interface issues for older adults. Imai et al. (2010) argue that 
older adults struggle to use new and ever changing operational interface 
designs.  
Shi & Setchi (2012) observe the effects of these operational interface 
features on older adults’ interactions and information-processing abilities. 
They argue that older adults’ information-processing and interactions could 
provide an understanding of improved design requirements. de Barros’s 
(2014) concluded that older adults’ experienced difficulties when interacting 
with operational interfaces. He argues that operational interfaces incorporate 
advanced information and communication technologies far beyond what is 
needed for everyday use. Rose et al. (2010) observe that when faced with 
challenging operational interfaces older adults increase their rate and 
readiness to use compensatory strategies. Their study identifies that older 
adults ‘improvise’ and seek ‘interventions’ when operational interface issues 
occur. Kawamoto et al. (2014) argues that advancements in technology 
have allowed the emergence of new operational interfaces, however, these 
non-conventional operational interfaces conflict with older adults’ natural 
processes. 
Finucane (2010) observes variances in older adults’ processing which 
affects their ability to use task-specific knowledge. He shows that the 
decision-making competences of older adults are impaired by operational 
interfaces. Mitzner et al. (2016) argue that information access is, in part, the 
main cause of older adults’ slow adoption of digital technologies. They give 
reasons for their conclusions, stating that perceptions about its usefulness 
are poor. According to Mitchell et al. (2013) older adults tend to monitor the 
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information required to discern the task. Boman et al. (2012) and Ghayas et 
al. (2013) identify mismatches between information and operations. Mitchell 
et al. (2010) identify that irrelevant information is more likely to affect older 
adults’ information-processing abilities. However, they suggest that there is 
uncertainty about how older adults use information (irrelevant or relevant) to 
inform the task. They observe that older adults fail to recognise, understand, 
interpret and make connections between instructional information on 
operational interfaces. Old & Naveh-Benjamin (2008) and Old & Naveh-
Benjamin (2012) concur with Mitchell et al. (2010), however, they argue that 
there is a disconnection between the information and its meaning in a real 
world context. Moreover, their study shows that information designs 
negatively affects older adults’ information-processing ability this, in turn, 
affects interactions. One shortfall of their study is that they fail to specify the 
different sources of information which are attributes to information-
processing and interaction difficulties.  
Black & Burr (1996) evaluate design weaknesses of domestic information-
processing appliances. They suggest that operational interfaces on domestic 
information-processing appliances should be more flexible and less 
‘concrete’ and ‘solid’. They argue that ‘concrete’ and ‘solid’ operational 
interfaces do not facilitate users’ information-processing needs.  One theory, 
proposed by Zajicek (2004) is that operational interfaces on washing 
machines and microwave ovens are not suited to the wider range of 
information-processing strategies used by older adults. Ferreira et al. (2014) 
argue that the successful use of operational interfaces depends on the 
careful selection of adaptable operational interface features. 
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Bodker (1987), Bodker (1989), Bodker (1995), Bodker (2006) and Bodker & 
Sundblad (2008) describe three categories of operational interface features: 
physical aspects, handling aspects and information aspects. Unlike other 
studies, their study provides a method for describing users’ interactions with 
operational interfaces on domestic information-processing appliances. 
Bodker et al. (2008) suggest that when operational interface issues occur, 
these categories can be used to explain how older adults use operational 
interfaces when subconscious actions become conscious activity. Winograd 
& Flores (1986) refer to the behaviours as ‘interaction breakdowns’ and 
‘focus-shifts’. Langdon & Thimbleby (2010) argue that characterising the 
user–product relationship has the potential to improve operational interfaces. 
Lockton et al. (2010) go further, suggesting that operational interfaces 
influence older adults’ behaviours positively if they provide guidance on 
operational procedures. 
Brewster et al. (1994) identify the effects of operational interfaces which give 
little guidance. They observe how users interact with poor operational 
interface; continuously moving between operational interface features. They 
describe these behaviours as ‘kangarooing’. Lockton et al. (2010) argue that 
older adults exert a large amount of effort and time in the behaviours in 
endeavours to search for the most appropriate operational interface 
features. Norman (2013) attributes the behaviours to ill-defined operational 
interface design layouts. Newell et al. (2007) suggest that product designers 
should develop empathy for older users to resolve these issues. Kaptelinin & 
Nardi (2006) and Kaptelinin (1996) concur with Norman (2013) and Newell 
et al. (2007), however, they argue that product designers must develop an 
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understanding of how older adults use operational interfaces to conduct an 
information-processing activity.  Their study shows ways in which older 
adults’ activities are improved by understanding their design requirements.  
Riedl et al. (2012) argue that despite all that is known about improving 
operational interfaces for older adults, they still present older adults with 
impediments to workflow activity. Johnson et al. (2010) argue that these 
impediments increase older adults’ stress levels which, in turn, impacts on 
performance. Old & Naveh-Benjamin (2012) and Old & Naveh-Benjamin 
(2008) suggest older adults’ pre-learned actions, operations and activities 
should be studies to improve operational interfaces. Their study shows the 
merit of making connections between operational interface features and 
operational sequences used in the real world.  Both studies weigh up the 
importance of operational interfaces which presents operational sequences 
used in older adults’ real life experiences. Moreover, it is Old & Naveh-
Benjamin (2008) study that emphasises the opportunities which lies in 
building links between human activities, operational sequences and 
operational interface design. 
 
2.5 Designing Operational Interfaces for Domestic 
Information Processing Appliances 
All users benefit from information presented simply and clearly. Duh (2016) 
argues that the premise that designing domestic information processing 
appliances for older adults could become a costly expense is a 
misapprehension. Joe et al’s (2015) study shows that operational interfaces 
for older adults do not always result in multiple operational interface designs 
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with variability in information design. Their study identifies that information 
design on operational interfaces has becomes increasingly popular, 
however, they argue that the information on operational interfaces tend not 
to be formally tested to assess its usability. They point out that traditional 
rigorous methods used for the analysis and evaluation of operational 
interfaces such as inclusive design methods, user centred design methods 
and human centred design methods takes a significant amount of time to 
implement. Park (2011) shows the relevance of good information design. His 
study shows that tacit and explicit knowledge derived from older adults’ 
operational series can be used to improve information design on operational 
interfaces. Davenport et al. (2012), Nygard et al.(2012) and Boman et al. 
(2012) argue that operational sequences in a real world context is often 
overlooked as a way to categories operational interface features and 
procedures. Shi & Setchi (2012) point out that the archetype of older adults 
operational sequences is based on older adults’ background knowledge, 
memory and experience. 
Rodríguez (2012) argues that product designers should ensure that the 
cognitive needs and aspirations of older adults are taken into consideration.  
He argues that additional cognitive assessment methods should be used to 
establish operational interfaces for older adults. Clarkson & Coleman (2015) 
concur with Rodríguez (2012), however, they argue that to achieve success 
in activities of independent living, product designers require new approaches 
to designing domestic information processing appliances. Coelho et al. 
(2013) point out that designing a domestic information-processing appliance 
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differs from designing traditional desktop or web applications because of the 
distinct context surrounding their use. 
Joe et al. (2015) suggest that tools and frameworks to evaluate operational 
interfaces, in the context of activities of daily living, are few in number.  Lin et 
al. (2016) identify the need for tools and methods to develop context specific 
operational interfaces. National Eye Institute (2008) and Charles (2007) 
identify two context specific areas for improvement: reading and information 
recognition. Pieter (2008) observes domestic information-processing 
appliances in use and suggests that design tends not to offer older adults 
affordances to facilitate reading and information recognition. Moreover, the 
information tends not to be presented in clear operational sequence. Cronin-
Golomb et al. (2007) identify spatial reasoning as a key aspect of older 
adults’ reading and information recognition abilities. Polat et al. (2003) 
identify that colour and contrast could be advantageous to older adults to 
facilitate classifying, categorising and recognition of information. Ganneau et 
al. (2008) identify that older adults require information which is presented in 
lists.  
Studies describe principles for improving the performance of appliances 
such as microwave ovens Fan et al. (2012).  However, a limited number of 
studies describe design principles for good operational interface design for 
domestic information-processing appliances such as microwave ovens and 
washing machines. Mugge & Schoormans (2012a) argue that there is a lack 
of verification of operational interface designs on these types of kitchen 
appliances, and that consumers are more likely to view new and novel 
operational interfaces as good operational interfaces. Their study points out 
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that those consumers perceive newness and novelty of operational interface 
design as an indicator of the appliances’ high levels of technological 
performance and innovation. Hutchison et al. (1997) argue that novelty is 
neither required nor desired by older adults. In fact, they suggest that as 
more emphasis is placed on technological advancement, older adults find 
the application ‘awkward’ and ‘confusing’ to use.  Rafferty et al. (2015) argue 
that adopting a more rigid approach to the selection of operational interface 
features has the potential to address these types of operational interface 
issues. 
Branjnki et al’s (2014) study shows that a framework that encompasses 
several user experience characteristics has the potential to describe how 
certain design factors affect older adults’ experiences. However, Kaptelinin & 
Nadi (2006) and Kaptelinin (1996) argue that frameworks of user experience 
characteristics fail to identify why interruptions to users’ workflow activity 
occur. Bodker (1987), Bodker (1989) and Bodker (2008) argue that 
evaluations of human activity provide an opportunity for the development of 
a coding scheme which connects users’ actions, activities and operations.  
Lockton et al. (2010) argue that the benefit of a coding scheme lies in its 
ability to code older adults’ activities and goals. Rose et al. (2010) point out 
that analytical and descriptive frameworks lack distinctive quantitative data. 
Joe et al. (2015) identify the potential that lies in the evaluation of older 
adults’ think-aloud data. Finucane (2010) observe that older adults’ think-
aloud data can be used to identify events and episodes in interaction and 
information-processing activities that warrant further exploration. He explains 
that a coding scheme could provide insights on older adults’ information-
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processing acquisition behaviours. Carmichael et al. (2007) show that the 
identification of older adults' interactions and information-processing 
activities requires a combination of methods: a coding scheme with 
analytical and descriptive codes and video-recordings of observations. Their 
study suggests that combining methods has the potential to give new 
insights on the differences of older adults’ interactions and information-
processing activities.  
Newell et al. (2007) and Zajicak (2004) argue that methodologies for 
involving older adults’ information-processing activities and interactions are 
inadequate. There are several examples of systematic coding schemes for 
evaluations information-processing acquisition behaviours Arunachalam & 
Sasso (1996), Atman et al. (1999), Ateca-Amestoy & Ugidos’s (2013) and 
Hughes & Parkes (2003). Few studies consider older adults’ interactions and 
information-processing activities using operational interfaces on domestic- 
information-processing appliances. Ateca-Amestoy & Ugidos’s (2013) 
describe the multidimensional, complex combination of physical and 
psychological challenges, skills levels, achievement threshold, concentration 
level, and working memory used by participants’ to process and acquire 
information.  Their study shows that quantifiable description of user-product 
interactions demands the capture of verbal and non-verbal data.  
Mitchell et al. (2013) identify the significance of capturing older adults’ verbal 
and non-verbal data when studying older adults’ attention. They argue that 
older adults’ selective attention (reacting to certain visual or auditory 
information) is affected by the ability to perceive or ignore stimuli such as 
visual or auditory information. Mitchell et al. (2010) argue that studies tend 
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not to focus on ‘disruptive sources’ which affect selective attention. Van der 
Wardt et al. (2012) concurs with Mitchell et al. (2010), however, they 
conclude that there is a relationship between process, acquiring information 
and selective attention. Bryman & Cramer (2002) identifies that an analysis 
of the language used in task interpretations could provide patterns and 
themes of theoretical importance. Borsch-Supan (2013) indicates that an 
analysis of language used in task interpretations has the potential to identify 
subtle changes and variations in adjustment behaviours. Mitchell et al’s 
(2010) and Young et al. (2012) argue that fewer studies quantify these 
relationships in relation to heterogeneity in older adults. However, neither 
author’s highlights its importance to the design of operational interfaces on 
domestic information-processing appliances.  
2.6 Summary 
The purpose of the literature review carried out as part of this research was 
to provide an understanding of the changing needs of older adults. 
Conclusions were used to determine ways in which the design of operational 
interfaces for older adult could be improved. The literature review concludes 
that there are a limited number of user centred design research studies that 
studied older adults’ selective and perceptual attention, concentration, 
perceptual load, cognitive load and word comprehension. In addition, 
inclusive and user centred design studies devote attention to designs that 
compensates for specific sensory, motor and visual difficulties related to the 
ageing process.  
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The picture emerging from the literature is summarised through the following 
points. 
• In activities of daily living, information-processing is an aspect of 
interactions with domestic information-processing appliances. 
• Older adults experience difficulties with operational interfaces on 
domestic information-processing appliances. 
• Older adults devise compensatory strategies to cope with 
experienced difficulties. 
• Older adults depend on good information design on operational 
interfaces.  
• Current operational interfaces fails to support the needs of diverse 
older adults. 
• Little has changed in terms of approaches to design and 
development of domestic information-processing appliances. 
The literature review emphasises the first steps needed to design improved 
operational interfaces for older adults. Opportunity lies in the development of 
a coding scheme to collect data for analysis on older adults’ interactions and 
information-processing activities. The benefit lies in the definition of user- 
interactions and information-processing activities. These research studies 
will assess older adults’ behaviours, intentions and activities using domestic 
information-processing appliances.  In this research study, information used 
in the task is of interest.  
The thesis argues that coding schemes tend not to translate older adults’ 
real-world experiences using domestic information-processing appliances. 
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Moreover, the information used in the task is the main cause of older adults’ 
inability to successfully complete operations with the appliance. The coding 
scheme will be used to: code the use of information; and identify 
contradictions observed in older adults’ operation sequences, activities or 
actions. In addition, a coding scheme will describe older adults’ information-
processing activities and interactions. Developing a coding scheme from 
empirical studies is an outcome of this research study. The research 
methodology used to define the coding scheme (data collection and analysis 
tool) is described in Chapter 3. 
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Chapter 3 
Methodology  
 
The purpose of this chapter is to explain the methodological approach used 
in this research. After an initial description of the methodological framework, 
an explanation of the research case studies is provided. Following this, a 
description of the participants and case studies are given. Combinations of 
participants, case studies and research instruments are outlined. In addition,   
case study appliances, associated instructional materials and other 
resources are presented. Finally, a description of the research process is 
outlined. 
3.1 Methodological Framework 
Studies have shown that older adults’ abilities to use domestic appliances 
depend on three closely linked factors: operational interface design, visual 
information, and clear sequential operations on appliance user interfaces 
Higgins & Glasgow (2012). Evaluations of older adults’ abilities, more often 
than not, focus on tactile interface design elements, levels of user interface 
interactivity and menu design facilitated by usability testing. This has 
resulted in studies focused on older adults’ abilities, or lack of abilities, rather 
than a consideration of the task conditions and human activities. Information 
inconsistency is a major concern to older adults. (Frohlich et al. 2012a, 
2012b & 2013) argue that user interface designs need to reflect an 
overarching process where the usage process provides context for actions, 
operations and activities. Providing adequate instructions and directions is 
key to improved interactions, specifically categories and features on user 
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interfaces aimed at improving support for older adults understanding 
information conveyed across all forms of instructional materials.  
Information accessibility and inconsistency are potential barriers to 
improving older adults’ interactions and information-processing. Differences 
in the ways in which older adults’ behave using domestic appliances fail to 
recognise the diverse use context in human activity. Rose et al. (2010) 
observe that when faced with challenging operational situations, older adults 
when compared with younger adults the increase use of compensatory 
strategies. Rose et al. (2010) provide insights into older adults’ subjective 
experiences suggesting that older adults improvise and seek interventions 
when faced with operational difficulties. One shortfall of the study is that it 
fails to specify the various conceptual elements in relation to information 
used by older adults during improvisation and intervention episodes. For 
example, the study does not take account of participants’ previous 
experiences in using domestic appliances which lead to pre-learned actions, 
operations and activities  when using new domestic appliances in purposeful 
context. 
Disconnections between information sources and their meaning in a real 
world contexts has negatively affected older adults’ information-processing 
ability and, in turn, interactions. Furthermore, Jones & Sarter (2008) 
emphasise the importance of identifying and linking human activities to 
operational sequences and user interface design suggested by Rose et al. 
(2010). Current data collection methods fail to interpret interactions, process 
and activities. Moreover, Old & Naveh-Benjamin (2008) and (2012) suggest 
that older adults’ information-processing abilities and activities need to be 
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identified to align with the use of inconsistent information provided by 
multiple sources, e.g., washing instructions and labelling on clothing. On 
occasions there are mismatches between information and purpose, in the 
context of the specified human activity Boman et al. (2012). Variance in 
older adults’ information-processing and task-specific knowledge affects 
decision-making competences. Their study suggests that older adults tend to 
monitor the information required to discern the tasks’ purpose. This suggests 
that there is uncertainty in the ways that older adults use information 
irrelevant or relevant to inform performance in task.  
This research explored information-processing activities and interactions 
amongst older adults through an investigation of older adults’ experiences 
and perceptions of information-processing activities and interactions when 
operating domestic information-processing appliances.  Including the factors 
which inform operations such as information source materials such as 
operational user interfaces, manuals, and additional information source 
materials. Naturalistic inquiry case study methods were used to focus on 
participants’ actions, activities and goals. Sonderegger et al. (2016) argue 
that time duration and speeds of adjustments are quantifiable indications of 
older adults’ processing abilities. These thematic qualitative data analysis 
methods were used to identify and describe characteristics of human activity 
and user- product interactions.  The following aspects of human activity and 
user- product interactions were considered physical, handling and visual 
instructions.  
• Physical aspects: related to the form and overall shape of the physical 
appliance.  
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• Handling aspects: related to features and elements to be operated by 
the hand such as switches, plugs, buttons, and control knobs. 
• Visual instructions such as text, symbols, images, icon 
representation, and lettering on the appliance or the instructional materials. 
Participants’ verbal protocol and protocol traces using the microwave oven 
were coded and analysed. The following five criteria were used to analyse 
participants’ interactions, information-processing and interruptions to 
workflow with the microwave oven, washing machine and information source 
materials. 
• The mean time spent in information-processing activities. 
• The mean time spent in interaction activities.  
• The mean time spent in impediments to workflow. 
• Duration of time spent in multiple information-processing activities. 
• Duration of time spent in multiple interactions. 
The methodological framework was devised to look for the existence of 
constant relationships between events of interaction breakdowns and focus-
shifts. Blaikie (2000) study of positivism provided methods to make sense of 
discrete and observable events. Research methods were brought together to 
enable the identification of interaction breakdowns and focus shifts through 
deductive reasoning. Learning from this process was used to develop a 
categorisation scheme for  information-processing activities, interactions and 
impediments to workflow which, in turn, was used to inform the development 
of a coding scheme for use in the design of operational interfaces for older 
adults. 
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The research brought together a number of descriptive and experimental 
research methods. Key stages in the research process are summarised in 
Figure 3.1. It shows the four key stages in the research methodology. In the 
next section, each stage of the research methodology is described in detail. 
Prior to commencing the main research study, ethical clearance was sought 
from the Chair of the MaPS and Engineering Joint Faculty Research Ethics 
Committee (See Appendix B).  
 
 
 
Figure 3.1 Key Stages in the Research Methodology 
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3.1.1 Stage 1: Descriptive Study of End User Interactions 
In Stage 1, the descriptive case study built on the literature. Two empirical 
studies with two participants, one using a washing machine and the other 
using a microwave oven were carried out. Naturalistic inquiry methods 
described by Lincoln & Guba (1985) were used to identify operational 
interface design goals, through observations of older adults using 
operational interfaces on domestic information-processing appliances.  Each 
participant was asked to carry out an activity of daily living: wash laundry 
using a washing machine; and heat a ready meal using a microwave oven. 
Participants were asked to interact and talk-aloud.  Data was video-recorded 
and transcribed using methods described by Ericsson & Simon (1998), 
Bodker (1995) and Suchman & Trigg (1991). Participants’ characteristics of 
interactions using the microwave oven and the washing machine were 
identified. Evaluative performance criteria were derived. These were used as 
the driver for the new operational interface design derived in Stage 3.  
3.1.2 Stage 2: Descriptive Study of Development of the Coding 
Scheme 
In Stage 2, the descriptive case study used video footage of the participant 
using the microwave oven to derive the coding scheme. Data from Stage 1 
was analysed to establish a framework to enable the assessment of the 
interactions and information-processing activities. Descriptions of interaction 
breakdowns and focus-shifts described by Winograd & Flores (1986) and 
Engestrome (1987) and information-processing skills described by Anderson 
& Krathwohl (2001) were used to define the participant’s interactions and 
information-processing activities.  
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Theory building methods described by Eisenhardt (1988) and Eisenhardt 
(1989) and Bourgeois & Eisenhardt (1989), and Carlile & Christensen 
(2004), in addition, thematic qualitative data analysis methods described by 
(Kings (2004) and Gibbs (2008) were used to identify codes and categories 
for interactions and information-processing activities. A coding scheme for 
use in the assessment of participants’ interactions and information-
processing activities was established. The coding scheme was used in 
Stage 4. 
3.1.3 Stage 3: Experimental Study of Development of the New 
Operational Interface Design 
In Stage 3, experimental case studies were used to derive an alternative 
operational interface design for use in the assessment of participants’ 
interactions and information-processing activities. Design-led action 
research methods described by Fendt & Kaminska-Labbe (2011), van de 
Ven’s (2007) and van de Ven’s (2006) were used to derive a new microwave 
oven interface that facilitated participants’ improved interactions and 
information processing activities. The new operational interface design was 
used in Stage 4. 
3.1.4 Stage 4: Descriptive Study of a Comparison of a New 
Microwave Oven Operational Interface Design with the 
Current Design 
In Stage 4, descriptive case study were used. Two empirical studies with 
eight participants, four using a new microwave oven interface and the others 
using a current microwave oven interface were carried out. Comparisons 
were made between participants using the two interfaces to assess 
participants’ interactions and information-processing activities. Data was 
collected and analysed using the coding scheme. Case study methods 
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suggested by Carlile & Christensen (2004), Yin (1994) and Yin (2009) were 
used to compare data for empirical studies. Results were recorded in tables 
and figures.  
3.2 Participants & Case Study 
Thirty two participants initially agreed to take part in the usability studies. 
The sample required participants male and female aged between 65 and 75 
years old.  It was explained that participants would partake  by carrying out a 
series of task activities with a variety of working commercial domestic 
consumer appliances, have their actions video recorded, and identify 
aspects of displays and controls which might cause user dissatisfaction. 
Thirty two participants arrived at initial workshops, thirty one were female 
one was male, but only nine agreed to be videotaped performing tasks with 
the case study interfaces.  
Table 3.1 shows the age ranges of the twelve participants used in the overall 
research study. Case study participants’ age ranged between 55 and 75 
years-old. Age boundaries identified by Salthouse et al. (2003) and 
Richardson et al. (2012) were used to select older adults with natural age-
related cognitive and physical decline. Methods used to recruit participants 
are given in (Appendix C). The instructional materials used in the study are 
also given in (Appendix D). In the research study, participants and case 
studies were used in various ways. Table 3.1 shows the ways in which 
participants, case studies and research instruments used in the research 
study. 
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Table 3.1 Participants, Case Studies & Research Instruments 
 
Combinations of participant, appliance 
and interface used 
Research Instruments 
Participants User interface Instructional Materials 
 
(DH) Aged 67  
 
Current microwave oven 
operational interface 
Meal Packaging & 
Manual 
 
(AD) Aged 68  
Current microwave oven 
operational interface 
Meal Packaging & 
Manual 
 
(JB) Aged 72  
Current microwave oven 
operational interface 
Meal Packaging & 
Manual 
(ST) Aged 74  
Current microwave oven 
operational interface 
Meal Packaging & 
Manual 
(SL) Aged 65  
New microwave oven 
operational interface on 
an IPad 
Written instructions & 
Meal Packaging  
(CMK) Aged 69  
New microwave oven 
operational interface on 
an IPad 
Written instructions & 
Meal Packaging  
(JH) Aged 70  
New microwave oven 
operational interface on 
an IPad 
Written instructions & 
Meal Packaging  
(JH) Aged 74  
New microwave oven 
operational interface on 
an IPad 
Written instructions & 
Meal Packaging  
3.3 Combinations of Participants, Case Studies & Research 
Instruments    
Table 3.2 shows combinations of case study, appliances and user interfaces 
used in the research study. Case study numbers were based on 
observational study methods described by Erlandson et al. (1993). 
Participant numbers were consistent with recommendations made by 
Erlandson et al. (1993).  
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Table 3.2 Combination of Participants, Case Studies & Research 
Instruments 
Stage 1 
Combinations of participant, 
appliance and interface used 
Research Instruments 
Participants User interface Instructional 
Materials 
 
GP (female) aged 55 
Washing machine operational 
interface 
Manual and clothing 
labels 
 
MW (female) aged 68 Microwave operational interface 
Manual and ready 
meal packaging 
 
Fourteen responses to online 
feedback questions 
Microwave operational interface Manual 
Stage 2 
Combinations of participant, 
appliance and interface used 
Research Instruments 
Participants User interface Instructional 
Materials 
GP (female) aged 55 
 
Washing machine operational 
interface 
Manual and clothing 
labels 
MW (female) aged 68 
 
Microwave oven operational 
interface 
Manual and ready 
meal packaging 
Stage 3 
Combinations of participant, 
appliance and interface used 
Research Instruments 
Participants User interface Instructional 
Materials 
VA (female) aged 61 
Microwave oven operational 
interface 
Manual and ready 
meal packaging 
FG (female) aged 68 
TC (male) aged 58 
Stage 4 
Combinations of participant, 
appliance and interface used 
Research Instruments 
Participants User interface Instructional 
Materials 
 
(DH) Aged 67  
 
Current microwave oven operational 
interface 
Meal Packaging & 
Manual 
 
(AD) Aged 68  
Current microwave oven operational 
interface 
Meal Packaging & 
Manual 
 
(JB) Aged 72  
Current microwave oven operational 
interface 
Meal Packaging & 
Manual 
(ST) Aged 74  
Current microwave oven 
operational interface 
Meal Packaging & 
Manual 
(SL) Aged 65  
New microwave oven operational 
interface on an IPad 
Written instructions 
& Meal Packaging  
(CMK) Aged 69  
New microwave oven operational 
interface on an IPad 
Written instructions 
& Meal Packaging  
(JH) Aged 70  
New microwave oven operational 
interface on an IPad 
Written instructions 
& Meal Packaging  
(JH) Aged 74  
New microwave oven operational 
interface on an IPad 
Written instructions 
& Meal Packaging  
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3.4 Case Study Appliances, Associated Instructional 
Materials & Other Resources 
Case study analysis was conducted through the human-machine loop model 
described by Pheasant  (1986). Figure 3.2 illustrates the analysis methods 
used in each case study. It puts into context participants’ activities, actions, 
operations and goals. Figure 3.2 shows the multi-modal activities, 
interactions and information-processing activities involved in the activities of 
daily living. 
 
 
 
Figure 3.2 Structure of each Case Study Analysis using the Model of 
Human Machine Loop Adapted from Pheasant (1986) 
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Figure 3.3 illustrates the washing machine interface and its operational 
interface features. The appliance interface was analysed in Stages 1, 2 and 
3.  Figure 3.4 illustrates the microwave oven interface and its operational 
interface features. This appliance interface was analysed in Stages 1, 2, 3 
and 4. Figure 3.5 illustrates the new microwave oven interface and its 
operational interface features derived in Stage 3. The new interface was 
analysed in Stages 4. 
 
 
 
Figure 3.3 Washing Machine Operational Interface (used in Stage 1 2 & 3)  
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Figure 3.4 Microwave Oven Operational Interface (used in Stage 1, 2, 3 & 4)  
 
- 47 - 
 
 
Figure 3.5 New Operational Interface Design of Microwave Oven Put Into 
An iPad app (used in Stage 4) 
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An example of the type of ready meal instructional materials used in the 
study is shown in Figure 3.6.  
 
 
Figure 3.6 A convenience food ready meal labels and instructions used in 
the study. 
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3.5 Research Process 
Figure 3.7 provides a summary of the research process used. Results are 
reported on in Chapters 4, 5 and 6. 
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Figure 3.7 Summary of the Research Process 
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Chapter 4 
End Users’ Interactions  
 
The aim of this chapter is to report on results of a study that used naturalistic 
inquiry methods. The study was conducted to provide insights on how two 
participants used operational interfaces on two domestic information-
processing appliances. In this chapter, evaluative performance criteria are 
introduced. These criteria were used as the driver for the new operational 
interface design derived in Stage 3 (see Appendix A). Research instruments 
and participants in the experiments are summarised in Table 4.1. Section 
4.1 gives an overview of the methods used in this study. 
 
Table 4.1 Summary of Instruments & Participants in the Experiment 
 
Combinations of participant, appliance 
and interface used 
Research Instruments 
Participants User interface Instructional Materials 
 
GP (female) aged 55 
Washing machine 
operational interface 
Manual and clothing 
labels 
 
MW (female) aged 68 
Microwave operational 
interface 
Manual and ready meal 
packaging 
 
Fourteen responses to online feedback 
questions 
Microwave operational 
interface 
Manual 
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4.1 Method 
Key aspects of the research process are shown in Figure 4.1.  
 
 
 
 
 
Figure 4.1 Process used to Identify Participants Interactions with Appliances 
 
The research process built on the literature and case studies drawn from 
Lincoln & Guba (1985). Standards and user centred design guidelines were 
surveyed. They were selected, if they related to: designing for ageing 
populations; user interfaces; consumer and or digital devices for older 
adults. Key standards and guidelines were used to position the research 
study within the areas of inclusive design, user centred design and human 
centred design.  
Naturalistic inquiry case studies were used to define the research scope. 
Two empirical case studies with two participants were conducted. The 
research instruments included a microwave oven and a washing machine 
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(see Table 4.1), and their associated instructional materials (see Appendix 
D). Participants were asked to heat a ready meal and to wash white cotton 
bedding. In addition, participants were asked to talking aloud.  The tasks 
were video-recorded using methods described by Bodker (1995) and 
Suchman & Trigg (1991). Footage was analysed using verbal protocol 
analysis methods described by Ericsson & Simon (1998) to identify 
operational interface issues.  
An online consumer feedback forum about the microwave oven was 
surveyed. Fourteen online consumer feedback responses about the 
appliance usability were identified. Responses were selected if they related 
to operational interface issues with the microwave oven. It should be noted 
that comparative consumer feedback on the washing machine was not 
available online. Responses were used to corroborate case study findings. 
Case study findings were used to derive evaluative performance criteria for 
the microwave oven and the washing machine. Findings are discussed in 
the next section. 
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4.2 Findings 
Findings from the descriptive study are reported in this section using the 
structure and section numbers provided in Figure 4.1. 
4.2.1 Observation of Participants Using the Microwave Oven  
The study found three distinct participants’ interactions and information-
processing activities: concurrent verbalisation (talking through problems) 
during operational interface issues, key interaction points, and the need for 
sequential operations to identify a process. Participant GP, using the 
washing machine, demonstrated processes that showed a requirement for 
sequential operations. A series of sequential operations and movements 
were undertaken.   
Figure 4.2 shows the sequential operations used by GP. Arrows are used to 
show the steps used by GP. Steps are numbered from 1 to 9.  
 
 
Figure 4.2(a) The Sequential Operations used by GP using the Washing 
Machine (Steps 1-4) 
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Figure 4.2(b) The Sequential Operations used by GP using the Washing 
Machine (Steps 5-8) 
 
 
 
Figure 4.2(c) The Sequential Operations used by GP using the Washing 
Machine (Steps 9-12) 
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Findings suggested that participants tend to recall similarities between 
information on operational interfaces to self-determine operations. 
Information was used to make decisions on what actions were. Information 
was needed to learn about the operational interface and connect the actions 
needed to complete operations with the appliance. The information on the 
interfaces and its associated instructional materials failed to communicate 
the actions needed to operate the appliance.  
Results of the analysis of the washing machine case study show 27 tactile 
interactions with the washing machine operational interface. Strong evidence 
of user interface complexity was found when this participant programmed 
the washing machine. It can be seen that, for this participant, the 
parameters, characteristics and features on the displays and controls 
reduced the effective transmission and reception of information between the 
participant and machine.  Concurrent verbalisation to support problem 
solving provided evidence and reasons for user interface problems and 
issues. The data in Table 4 shows that the participant’s motivations to 
control interaction breakdowns and focus-shifts were stimulated by 
information. A key finding from this experiment was that user interface 
elements that included visual instructions, such as symbols, icons and 
stylised lettering, were associated with the majority of interaction 
breakdowns and focus-shifts. 
Results indicated that the participant was motivated by information on the 
user interface and components of the washing machine. For this reason, 
searching for meaning from user interface features was a key activity in 
user-product interaction.  It is important to note that GP did not use the 
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clothing labelling or manual. What is distinct about the interaction shown in 
Figure 4.3 is that the arrows flow from left to right then back again. This 
reflects the reading of English text that is written and read from left to right. 
GP spent eight minutes in operations with the washing machine. Even 
though GP started the wash cycle, she failed to add detergent, thus, the 
white cotton bedding was washed but not clean.  
4.2.2 Online Feedback on Microwave Oven Usability 
This section reports on the findings from a review of online customer 
feedback on the microwave oven. Findings suggested that fourteen 
consumers experienced difficulties with the interface and it associated 
instructional materials. Qualitative data suggested that information on the 
operational interface and instructional materials lacked adequate actionable 
information. Given that the microwave oven was a multifunctional and dual 
control appliance, consumers identified that the information was insufficient 
for operations with the appliance. Consumers stated that human errors were 
not easily identified, resolved or fixed. In addition, past experiences with 
other microwave oven interface could not be referred to, to better 
understand how to use the appliance. As a result, consumers tended not to 
know how to complete minor tasks or resolve errors because information 
given to support the step-by-step operations were inadequate and 
insufficient.   
Consumers acknowledged past experience of the activities as an important 
factor in operations with the appliance. Procedural knowledge, specifically 
the knowledge exercised in the performance of the task. Procedural 
knowledge was used to enable and facilitate operations with the appliance. 
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Findings suggested that the operational interface and instructional manuals 
did not support the iterative process of learning about how to use the 
microwave oven. In additional, functional level language used in everyday 
experience of cooking was  important to information-processing. 
4.2.3 Observation of Participants Using the Washing Machine 
Appliance 
Figure 4.3 shows the approach used by participant  MW to operate the 
microwave oven. Key interaction points are shown on the microwave oven. 
The proportion of time spent using key interaction points on the operational 
interface are shown in the pie chart. In this case study dwell time was a key 
feature of the interactions, information-processing and impediments to 
workflow.  
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Figure 4.3 Key Interaction Points used by MW using the Microwave Oven 
(pie chart showing dwell time) 
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A key finding from this experiment was that information gathering with the 
meal packaging was preferred to initiate the task. The participant showed a 
reliance on information on the meal packaging. A large amount of time was 
spent identifying intentions. Developing alternative solutions followed a 
period of categorising information.  
4.2.4 Operational Interface Issues 
Participant MW used the ready meal packaging and manual. MW noticed the 
lack of similarities between information and instructions on the appliance and 
ready meal packaging. Characteristics of interactions and information-
processing activities included information gathering from the ready meal 
packaging and manual. MW spent four minutes in operations with the 
microwave oven. It took MW two attempts to programme a cook cycle the 
microwave oven. MW started a cook cycle, but failed to heat the ready meal, 
thus, the ready meal was still cold. After cross referencing information on the 
ready meal packaging with the manual and operational interface MW started 
a successful cook cycle. 
Comparing both participants’ interactions, it became clear that each had 
attempted to make links between information on operational interfaces and 
instructional materials. However, MW demonstrated an inability to make 
links between information on the operational interface and its associated 
instructional materials. Both GP and MW referred to key interaction points on 
the operational interface to cross reference information in instructional 
materials. MW, using the microwave oven, demonstrated a limited 
sequential approach and focused her attention on key interaction points. 
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Both participants used concurrent verbalisation when experiencing 
difficulties in carrying out the assigned task.  
Several consumers, similar to MW, found using the operational interface 
difficult. The qualitative data taken from fourteen online consumers 
responses and an analysis of footage suggested that users experienced 
difficulties using operational interfaces. Analysis of participants’ interactions 
and information processing strategies collaborated case study findings. 
Twelve operational interface issues were identified. Table 4.2 shows the 
operational interface issues identified. Colours are used to differentiate 
between operational interface issues. 
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Table 4.2 The different operational interface issues identified with the 
microwave oven and washing machine 
 
Operational interface issues  
(derived from observations of microwave oven and washing machine) 
Purposeful 
Functional level language does not reflect the intended purpose of use or goals of the activity 
Size of Visual Instructions Appropriate for Use 
Participants cannot see or reach the interface to operate it from a normal standing or sitting 
position. Acceptable display zone of between 0-45 degrees along a horizontal line of sight have 
not been considered  
Standardised Elements 
Standardised Elements do not conform to either British Standards, European Legal Frameworks 
or Universal/User Centred Design Principles 
Responsiveness to Errors 
Interface does not give feedback or appraisal either visual or auditory 
Functional Grouping 
Features and elements are not arranged in function groups  
Sequential Grouping 
Features and elements are not arranged in sequence groups 
Learnability 
Interface does not present methods for learnability and  significantly improving or maintaining 
operations 
Flexible in Use 
.Interface does not provide clear visual directions or instructions for programming multiple 
options 
Perceptibility 
Interface does not present information from functional level language (text, images, symbols, 
labels etc.,) from past experience of activities with the appliances 
Intelligibility 
Interface does not present information that acknowledges past experience of an activity as 
imperative knowledge. Visual imagery and knowledge associated with the tasks and activity is 
not presented 
Level of Cognitive Effort 
To understand features and elements requires higher order cognitive skills 
Actionability 
Interface does not presents information that allows decisions to be made or actions to be taken 
 
Tables 4.3 and 4.4 shows the qualitative data about qualities of operational 
interface issues; information that can't actually be measured. Tables 4.3 
shows operational interface issues experienced by participants during 
interaction breakdowns and focus-shifts. Tables 4.4 shows operational 
interface issues experienced by fourteen consumers (taken from an online 
feedback forum). 
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Table 4.3 Operational Interface Issues Experienced by MW & GP(during 
interaction breakdowns and focus-shifts) 
operational interface issues 
Key 
Lack of Purposeful 
Size of Visual Instructions Appropriate for Use 
Standardised Elements 
Responsiveness to Errors 
Functional Grouping 
Sequential Grouping 
Learnability 
Flexible in Use 
Perceptibility 
Intelligibility 
Level of Cognitive Effort 
Actionability 
 
  
Washing Machine Microwave Oven 
 White is very bad for my eyes So, how do I set the time? On mine you just turn 
the knob and it does it.  Why isn’t it doing 
anything? 
 Mostly, I do things by touching not reading I don’t find this easy at all without instructions 
 Switch the plug on and make sure it is on Would assume that that’s your clock, but it’s not 
doing anything   
I want to wash it not boil it. It has a letter J, 
why? Oh!  
Is that 40 for woollen, I’m confused Does it tell you what category it is?  Is it B or E,  
You know, for heat 
The white cotton should be 95. It should be B On mine there’s a button you press to tell you 
it’s high.  I don’t know which one it is 
So much writing, it should be more organized   I would assume that that’s your clock. but it’s not 
doing anything 
The design is so sophisticated Have you got anything? 
Reduced crease, rinse, what does that 
mean? 
I always assume I have got it wrong 
I will leave it, I don’t know how to programme 
it 
What have I done wrong that’s definitely a 
microwave sign? 
I am not sure where the liquid goes Yes. It says grill 
I think the powder should be on the other 
side 
Grill. Grill that’s the sign on the packaging, that’s 
why it’s not done 
I do not know if they are done. I still see 
off/on 
It’s the top one, number four.  Shall I start 
again? 
I still don’t know what is happening?    
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Table 4.4(a) Operational Interface Issues Experienced by Consumers 
(online feedback forum) 
 
 
Forum Questions 
Consumer Online Feedback 
(Source Amazon.co.uk) 
Question 1 
Does anyone know how to 
change the micro. power 
setting on the Combination 
Option? I can only seem to 
change the oven temperature? 
Just keep pressing the top button, each press reduces 
power by 10% by A 
Hi J, I would suggest you contact Daewoo in this regard, 
changing power settings should only be done through the 
manual instructions , if you don’t have a manual, send a e 
mail to Daewoo, they will help , do this from a safety point of 
view, best regards by A 
Sorry haven't got that far ahead yet! by T 
 
 
 
 
 
 
Question 2 
On using for the first time I put 
a pie in to heat. Smoke! came 
from the top. Advice? 
That shouldn’t happen! Sent my one back-stopped working 
after 2 days by SL 
Definitely shouldn't have happened are you sure that you 
removed all the sticky tape from the inside of said m/w. 
There is quite a lot of it to remove, however, if you read your 
instructions you would know not to listen to advice because 
it tells you quite clearly to place a bowl of water in m/w for a 
number of minutes by AA 
Send it back, if smokes coming out – it’s got issues by G 
Put the bowl in before the next time you use the oven and 
wipe out afterwards. This is to get rid of any dust and debris 
that may be left from the manufacturing process and is what 
probably caused the smoke by G 
Question 3 
Where can I get a manual 
from? 
 
Have you tried either the Daewoo website 
http://www.daewooelectronics.co.uk/ or contacting Daewoo 
direct - Customer Services Helpline: 0844 887 2525 
Question 4 
What is the one touch menu? 
 
 
Yes, they are for cooking joints of meat and things like pork 
chops and chicken pieces. You put in how many, and 
weight, and it cook it’s perfectly via all function e.g. grill 
microwave and oven whichever is needed by A 
They are present, all you have to is enter the weight after 
selecting the food type and it will cook it pretty good - 
without having to keep testing. 
operational interface issues 
Key 
Purposeful 
Size of Visual Instructions Appropriate for Use 
Standardised Elements 
Responsiveness to Errors 
Functional Grouping 
Sequential Grouping 
Learnability 
Flexible in Use 
Perceptibility 
Intelligibility 
Low levels of Cognitive Effort 
Actionability 
 
  
- 65 - 
 
Table 4.4(b) Operational Interface Issues Experienced by Consumers 
(online feedback forum) 
 
Forum Questions 
Consumer Online Feedback 
(Source Amazon.co.uk) 
Question 5 
I recently bought this item, 
but not sure how to use the 
oven. I preheated oven put 
in fish in tin uncovered and 
ended up with burnt tea! 
Need help! 
 
I would suggest that you read the information on the food 
packaging first to ascertain which type of cooking is best for 
an item, after stage 1. Read your handbook on how to 
operate your combi oven, and then pick the correct 
application. Don't forget to check your oven's wattage as it 
can mean the difference between great cooking and a 
complete disaster! If you are cooking from scratch do 
exactly as you would for a conventional oven. Hope this 
helps, "Happy Cooking" mooseman222 AKA. By AA 
Sorry, I haven't used the oven yet. Good luck though refer 
back to the manual by T 
This is a smart looking microwave, but the icons on the front 
that you would press for different functions are in a very 
faint white colour which is very hard to see, so much so that 
I had to shine a light on them before I could use them. Also I 
had to return the microwave because the turntable started 
making an awful noise and stopped going round. I may have 
been unlucky, but I asked for a refund as I didn't want a 
replacement by J 
I bought this microwave as I had a previous version of this 
model (KOC 984T) which lasted for ten years with only a 
couple of minor problems. This new model does not live up 
to the same expectations. 
This model is lighter and more " flimsy and does not have as 
good controls. The symbols are miniscule and almost 
impossible to see: the grill takes so long to toast a piece of 
bread, mainly because the rack is way too low. The 
previous model had a metal plate interior, which was so 
much better than the glass plate of this model. I also like to 
use the combination option, but so far have failed to find 
how to alter the micro. power level - although the convection 
level can be changed. This means that a baked jacket 
potato cannot be cooked in much less time than in an 
ordinary oven. The instruction booklet is totally inadequate 
and should contain more explicit sample recipes for ALL the 
options not just the microwave. For some unknown reason it 
is also quite noisy as if something is loose in the interior. 
Good points are: the normal micro, convection and auto-
cook options seem to work well, but as I bought it for the 
extra features I expected, I am really disappointed with this 
oven. Daewoo need to improve the design a great deal 
more and not sacrifice quality for "progress"?? by SP 
operational interface issues 
Key 
Purposeful 
Size of Visual Instructions Appropriate for Use 
Standardised Elements 
Responsiveness to Errors 
Functional Grouping 
Sequential Grouping 
Learnability 
Flexible in Use 
Perceptibility 
Intelligibility 
Level of Cognitive Effort 
Actionability 
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4.2.5 Evaluative Performance Criteria 
As a result of the research process evaluative performance criteria for the 
microwave oven and washing machine were derived. Table 4.5 shows the 
evaluative performance criteria. The evaluative performance criteria were 
used as the driver for the new operational interface design derived in 
Appendix A.  
Table 4.5 Microwave Oven & Washing Machine Evaluative Performance 
Criteria & Associated Design Requirements  
 
Evaluative Performance Criteria Associated Design Requirements 
Purposeful 
 
The operational interface should allow participants to 
make meaningful connections between the information-
processing task, activities, its goals and information used 
Size of Visual Instructions 
Appropriate for Use 
 
Ensure that participants can read the operational 
interface features from a minimum distance of 500mm. 
Ensure that participants can reach and touch the 
operational interface features from a normal operating 
position. Positioned operational interface features along 
the horizontal line of sight between zero and 30 degrees. 
Standardised Elements 
 
Use consistent instructions and information on 
operational interfaces 
Responsiveness to Errors 
 
Use visual and auditory instructions on operational 
interfaces 
Functional Grouping 
 
Place operational interface features in a linear 
operational series- constrain the series of actions if 
necessary 
Sequential Grouping 
 
User functional level language based on operational 
series based on operational interfaces. 
 
Learnability 
 
Use intuitive words, phrases, symbols and imagery used 
in early learnt experience of the activity or task 
 
Flexible in Use 
 
Allow participants to tailor actions, operational series and 
activities 
Perceptibility 
 
Use recognisable and understood words, phrases, 
symbols and imagery 
Intelligibility 
 
Use interpretable words, phrases, symbols and imagery 
Level of Cognitive Effort 
 
 
Use sequential series and auditory repetition of words, 
phrases, symbols and imagery to minimise cognitive 
overload 
Actionability 
 
Use operational series and discriminate between 
operational interface features 
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4.3 Discussion  
The study incorporated activity theory methods described by Ericsson & 
Simon (1998), Bodker (1995) and Suchman & Trigg (1991). A benefit of 
using these methods lies in its focus on participants’ goals and activities. By 
focusing on an activity and goals, the study found that operational interface 
issues were identified through observing natural processes. Two participants 
and fourteen consumers stated that the information on a washing machine, 
microwave oven and its associated instructional materials were insufficient 
or ineffective. Findings of this study relate to older adults’’ operational 
interface issues with operational interfaces found by Young et al. (2012) and 
Ateca-Amestoy & Ugidos (2013). Findings suggest that operational 
interfaces and associated instructional materials are not aligned or 
connected.  
This study has extended further previous studies which analyse information 
transfer between older adults and operational interfaces Mitchell et al. (2013) 
and van der Wardt et al. (2010). The findings suggested that inconsistent 
information on operational interface and instructional materials leads to 
operational interface issues.  The interesting divergence between this study 
and Mitchell et al’s (2013) study were that participants’ showed a readiness 
to use operational sequences used in the real world task when faced with 
operational difficulties. Participants chose to use intuition before referring to 
information to action operations or process actions. Participants referred to 
instructional materials (the intervention) when faced with operational 
difficulties before improvising. 
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Earlier findings suggested that participants monitoring and searching for 
information. An example of this happened when GP was faced with 
operational difficulties. GP was unable to find information in specific 
categories such as washing because information was located in odd 
locations. GP searched for information to identify information categories and 
information continuum. MW was faced with similar operational difficulties. 
MW, however, showed an ability to align task information on the food 
packaging with operational interface. MW became aware early on that 
information design was inconsistent. The finding of this study suggest that 
the finding of Mitchell et al’s (2013) is in accordance with data presented in 
this case study. Older learn using operational interfaces on domestic 
information-processing appliances by searching for, observing and checking 
the progress or quality of information over a period of time; keeping  
information under systematic review is an attribute of older adults 
interactions and information processing activities. 
4.4 Summary 
Important insights on older adults’ information-processing activities and 
interactions using operational interfaces on domestic information-processing 
appliances were shown. The study found that participants experienced 
reduced ability to use operational interfaces on appliances because 
information on operational interfaces and instructional materials were not 
aligned or connected. Findings suggested that participants relied on 
information and instructions for direction and instruction. Participants 
searched for and gathered information, but found inconsistencies in two 
areas: information continuum and information categorisation. I was 
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concluded that designers could respond to the changing needs of older 
adults in two ways: 
a) arrange the information on operational interfaces to reflect the 
sequential process of the activities of daily living:  
b) make the information on operational interfaces and associated 
instructional materials consistent with each other. 
In this chapter, evaluative performance criteria have been introduced.  
Analysis of information-processing activities and interactions showed that 
participants responded differently when faced with operational interface 
issues. Differences in participants’ processing, sequential operations and 
interaction points were found. A more detailed understanding of participants’ 
interactions and information-processing was needed. This is reported in 
Chapter 5. 
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Chapter 5 
Development of the Coding Scheme 
 
The aim of this chapter is to report on results of a study that used theory 
building from case studies. The focus in this section is on methods used to 
develop the coding scheme for use in the assessment of participants’ 
interactions and information-processing activities. The research instruments 
and participants in the experiments are summarised in Table 5.1. Section 
5.1 gives an overview of the methods used in this study. 
 
Table 5.1 Summary of instruments and participants in the experiment 
(reproduced from Table 4.1) 
 
Combinations of participant, appliance 
and interface used 
Research Instruments 
Participants User interface Instructional Materials 
GP (female) aged 55 
 
Washing machine 
operational interface 
Manual and clothing 
labels 
MW (female) aged 68 
 
Microwave oven 
operational interface 
Manual and ready meal 
packaging 
 
  
- 71 - 
 
5.1 Method  
Key aspects of the research process are shown in Figure 5.1.  
 
 
 
 
Figure 5.1 Process used to Develop Coding Scheme 
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The key conclusion from Stage 1 was that a detailed understanding of 
participants’ interactions and information-processing activities were needed. 
The research process built on cases drawn from Eisenhardt (1988), 
Eisenhardt (1989) and Bourgeois & Eisenhardt (1989), and Carlile & 
Christensen (2004). Video-recordings of participants MW and GP’s 
interactions and information-processing activities were analysed at ten 
second intervals. Thematic qualitative data analysis methods described by 
(Kings (2004) and Gibbs (2008) were used to identify codes and categories 
of interactions and information-processing activities. 
Descriptions of interaction breakdowns and focus-shifts described by 
Winograd & Flores (1986) and Engestrome (1987) were adapted and used 
to identify impediments to workflow activities. Bodker (1989) and Booker 
(1995) three characteristics of interactions were adapted and used to identify 
interaction points on operational interfaces. 
 Physical aspects: relating to the form and overall shapes of the 
physical appliance. 
 Handling aspects: relating to features and elements to be operated by 
the hand, such as switches, plugs, buttons, and control knobs.  
 Visual instructions, such as text, symbols, images, icon 
representation, and lettering on the appliance or instructional 
materials. 
Information-processing skills described by Anderson & Krathwohl (2001) 
were adapted and used to analyse participants’ information-processing 
activities.  
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Arunachalam & Sasso (1996), Atman et al. (1999) and Hughes & Parkes 
(2003) coding schemes were adapted and used to provide a framework for 
the initial coding scheme. Footage of MW’s interactions and information-
processing activities was analysed using the initial coding scheme at five, 
two and one second intervals. Data collected at two and one second 
intervals were put into trace format to produce protocol and verbal protocol 
data traces. At each step, traces were analysed using protocol and verbal 
protocol data analysis methods described by Patrick & James (2004). The 
initial coding scheme was refined and a coding scheme introduced. 
5.2 Results 
Results from the descriptive and experimental study are reported in this 
section using the structure and section numbers provided in Figure 5.1. 
5.2.1 Identification of Activities, Procedures and Information-
Processing  
Analysis of participants’ interactions and information-processing activities 
revealed six categories: operations; interaction points on operational 
interfaces; information used on operational interfaces and instructional 
materials; processing skills used in information-processing activities; types of 
impediments to workflow activities; and concurrent verbalisation. Table 5.2 
and 5.3 shows participants’ interactions and information-processing activities 
at interaction breakdowns. 
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Table 5.2 MW’s Interactions & Information-Processing Activities using the 
Microwave Oven (during interaction breakdowns & focus-shifts) 
 
Operations 
Operational 
Interface 
Features 
Information 
Types 
Processing 
Skills Used 
Based on 
Anderson & 
Krathwohl 
(2001) 
Impediment 
Type 
Concurrent 
Verbalisation 
Searching for 
Information 
   
 
 
Programming Dial know 
Visual 
Instructions 
Analysing Breakdown 
So, how do I set the 
time? On mine you just 
turn the knob and it 
does it.  Why isn’t it 
doing anything? 
Programming Clock 
Visual 
Instructions 
Evaluating Breakdown 
I don’t find this easy at 
all without instructions 
Programming Dial know 
Visual 
Instructions 
Analysing Breakdown 
I would assume that 
that’s your clock but it’s 
not doing anything 
Programming Stop/Clear 
Visual 
Instructions 
Evaluation Breakdown Oh! 
Programming  
Visual 
Instructions 
Analysing Focus-Shift 
Does it tell you what 
category it is?  Is it B or 
E, you know, for your 
heat! 
Programming MV 
Visual 
Instructions 
Evaluating Focus-Shift 
On mine there’s a button 
you press to tell you it’s 
high.  I don’t know which 
one it is 
Programming Dial know 
Visual 
Instructions 
Analysing Focus-Shift 
I would assume that 
that’s your clock but it’s 
not doing anything 
Programming Dial know 
Visual 
Instructions 
Analysing Focus-Shift Have you got anything? 
Programming Display 
Visual 
Instructions 
Evaluating Focus-Shift 
I always assume I have 
got it wrong 
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Table 5.3 GP’s Interactions & Information-Processing using the Washing 
Machine 
Operations 
Operational 
Interface 
Features 
Information 
Type 
Processing 
Skills 
Anderson & 
Krathwohl 
(2001) 
Impediment 
Type 
Concurrent 
Verbalisation 
  Handling Remembering  
White is very bad for my 
eyes 
  Handling Remembering  
Mostly, I do things by 
touching not reading 
  Handling Analysing Breakdown 
Switch the plug on and 
make sure it is on 
Programming Programme 
Listing 
Visual 
Instructions 
   
Programming Programme 
Listing 
Visual 
Instructions 
Understanding Focus-Shift 
I want to wash it not boil 
it. It has a letter J, why? 
Programming Programme 
Listing 
Visual 
Instructions 
Applying Breakdown 
Is that 40 for woollen, 
I’m confused 
Programming Programme 
Listing 
Visual 
Instructions 
Understanding Focus-Shift 
The white cotton should 
be 95. It should   be B 
Programming 
Programme 
Listing 
Visual 
Instructions 
Understanding Focus-Shift 
…so much writing, it 
should be more 
organized 
Searching for 
Information 
Variable 
Temperature Dial 
Visual 
Instructions 
Understanding Focus-Shift  
Searching for 
Information 
Variable Spin 
Speed Dial 
Visual 
Instructions 
+Handling 
  
 
Searching for 
Information 
Variable Spin 
Speed Dial 
Visual 
Instructions 
+Handling 
  
 
Searching for 
Information 
Programme 
Listing 
Visual 
Instructions 
+Handling 
  
 
Searching for 
Information 
Programme 
Selector Dial 
Visual 
Instructions 
Analysing  
The design is so 
sophisticated 
Searching for 
Information 
Programme 
Selector Dial 
Visual 
Instructions 
+Handling 
Understanding Focus-Shift 
Reduced crease, rinse, 
what does that mean? 
Searching for 
Information 
Programme 
Selector Dial 
Visual 
Instructions 
+Handling 
Creating Breakdown 
I will leave it, I don’t 
know how to 
programme it 
Searching for 
Information 
Option Buttons Handling Evaluating Breakdown 
I am not sure where the 
liquid goes 
Searching for 
Information 
Start Cancel 
Button 
Visual 
Instructions 
Evaluating Breakdown 
I think the powder 
should be on the other 
side 
Searching for 
Information 
On/off Button Handling Analysing Focus-Shift 
I do not know if they are 
done... I still see off/on 
Application of 
Detergent 
Detergent 
Dispenser Drawer 
Handling  Focus-Shift 
 
Application of 
Detergent 
Detergent 
Dispenser Drawer 
Handling   
 
Searching for 
Information 
Start Cancel 
Button 
Handling   
 
Searching for 
Information 
Off/On Button 
Visual 
Instructions 
Evaluating Focus-Shift 
I still don’t know what is 
happening? 
Programming Programme 
Selector Dial 
Handling Understanding  
 
Programming Programme 
Selector Dial 
Handling   
 
Programming Programme 
Selector Dial 
Handling 
   
Programming Programme 
Selector Dial 
Handling 
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The data shows that participants used visual instructions such as text, 
symbols, images, icon representation, and lettering at interaction 
breakdowns and focus-shifts. GP experienced a number of interaction 
breakdowns and focus-shifts, however, she only used visual instructions on 
the operational interface. On the other hand, MW experienced few 
interaction breakdowns and focus-shifts, however, she used visual 
instructions on the operational interface and its instructional materials. Both 
MW and GP spent a large amounts of time using information-processing 
skills, for example, analysing and evaluating. Noticeable findings suggested 
that visual instructions triggered interest from both participants. 
Analysis of MW’s interactions and information-processing activities at 
second intervals revealed details of MW’s information acquisition 
behaviours. Tables 5.4 and 5.5 categorises MW’s information-processing 
activities using the microwave oven in two phases. Tables 5.6 and 5.7 
categorises MW’s interactions using the microwave oven in two phases. 
Three distinctive information-processing activities were found: information 
gathering; obtaining information; and resolving operational interface issues 
using concurrent verbalisation. Four distinctive interactions were found: 
searching for information; problem scoping; developing alternative solutions 
with the operational interface; and programming. 
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Table 5.4 Categorising MW’s Information-Processing Activities (first attempt 
using the microwave oven) 
 
Table 5.5 Categorising MW’s Information-Processing Activities (second 
attempt using the microwave oven) 
 
 
 
Table 5.6 MW’s Interactions (first attempt using the microwave oven) 
 
 
Information-Processing Activities 
Amount of 
Time in the 
Activities (in 
Seconds) 
Information-
Processing 
Skills Based on 
Anderson 
(2001) 
Identifying intentions  (II) 00:00 Remembering 
Information gathering  (IG) 00:50 Analysing 
Information obtained (IO) 00:30 Understanding 
Identifying operational interface problems (IUIP) 00:10 Analysing 
Resolving operational interface problems ( RUIP) 00:00 Understanding 
Identifying irrelevant operational interface information obtained  
(NV) 
00:00 Analysing 
Identifying cognition problems (ICP) 00:00 Analysing 
Cognition problem resolving  (CPS) 00:00 Creating 
Concurrent verbalization supporting problem solving  (CVSPS) 00:40 Evaluating 
Information-Processing Activities 
Amount of 
Time in the 
Activities (in 
Seconds) 
Information-
Processing 
Skills Used 
Based on 
Anderson 
(2001) 
Identifying intentions  (II) 00:00 Remembering 
Information gathering  (IG) 00:40 Analysing 
Information obtained (IO) 00:10 Understanding 
Identifying operational interface problems (IUIP) 00:10 Analysing 
Resolving operational interface problems ( RUIP) 00:10 Understanding 
Identifying irrelevant operational interface information obtained  
(NV) 
00:00 Analysing 
Identifying cognition problems (ICP) 00:00 Analysing 
Cognition problem resolving  (CPS) 00:00 Creating 
Concurrent verbalization supporting problem solving  (CVSPS) 01:10 Evaluating 
Interactions 
Amount of 
Time in the 
Activities (in 
Seconds) 
Interactions Used based 
on Anderson (2001) 
Searching for information  (S) 
Categorising information (CI) 
Programming  (P) 
Problem  scoping (PS) 
Checking content/equipment   (UC/E) 
Developing alternative solutions with m/c  (DAS(m/c)) 
01:10 
00:00 
00:20 
00:20 
00:10 
00:00 
Evaluating 
Creating 
Applying 
Understanding 
Evaluating 
Creating 
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Table 5.7 MW’s Interactions (second attempt using the microwave oven) 
 
 
 
Noticeable findings suggested that MW spent a large amount of time 
analysing and evaluating information. Whereas, in phase two, MW spent a 
large amount of time in information-acquisition behaviours categorises of 
evaluating, applying, creating and understanding. 
5.2.2 Initial Coding Scheme 
This section describes the initial coding scheme. MW’s interactions and 
information processing activities were coded using the methods described in 
Section 5.1. 
The initial coding scheme had the following categories with codes. 
1. Nine information-processing activity codes. 
2. Six interactions codes. 
3. Two impediments to workflow activity codes. 
Tables 5.5 shows the codes in the initial coding scheme. 
  
Interactions 
Amount of 
Time in the 
Activities (in 
Seconds) 
Interactions Used based 
on Anderson (2001) 
Searching for information  (S) 
Categorising information (CI) 
Programming  (P) 
Problem  scoping (PS) 
Checking content/equipment   (UC/E) 
Developing alternative solutions with m/c    
(DAS(m/c)) 
00:10 
   00:20 
00:40 
00:20 
00:20 
00:50 
Evaluating 
Creating 
Applying 
Understanding 
Evaluating 
Creating 
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Table 5.8 Initial Coding Scheme 
 
Initial Coding Scheme 
Code Description 
Processes Used 
Based on 
Anderson & 
Krathwohl (2001) 
Data  Collected 
Types 
Information-Processing Activities 
II 
Identifying Intentions: identifying basic intentions and 
recalling facts 
Remembering 
Verbal Protocol & 
Protocol 
IG 
Information Gathering: examining and breaking 
information into parts 
Analysing 
Verbal Protocol & 
Protocol 
IO 
Information Obtained: translating and  interpreting 
information 
Understanding 
Verbal Protocol & 
Protocol 
IUIP 
Identifying Operational interface Problems: inferring 
and finding qualitative data of visual elements 
problems 
Analysing 
Verbal Protocol & 
Protocol 
RUIP 
Resolving Operational interface Problems: translating 
and  interpreting  visual elements and information 
problems 
Understanding 
Verbal Protocol & 
Protocol 
IIUIIO 
Identifying Irrelevant Operational interface Information 
Obtained: examining visual elements and information 
to identify causes and effect   
Analysing 
Verbal Protocol & 
Protocol 
ICP 
Identifying Cognition Problems: breaking visual 
elements and information into parts by identifying  
causes and effect 
Analysing 
Verbal Protocol & 
Protocol 
CPR 
Cognition Problem Resolving: compiling information 
together in different ways by combining visual 
elements and new knowledge 
Creating 
Verbal Protocol & 
Protocol 
CVSPS 
Concurrent Verbalization Supporting Problem Solving: 
verbally verifying ideas to determine level of 
complexity of user interface 
Evaluating Verbal Protocol 
Interactions 
SI 
Searching for Information: presenting and defending 
opinions by making judgments about information and 
visual elements 
Evaluating 
 
Protocol 
CI 
Categorising Information: combining visual elements 
and information in new patterns or proposing 
alternative procedural solutions 
Creating 
 
Protocol 
P 
Programming: applying acquired knowledge, facts, 
techniques and rules to the user interface 
Applying 
 
Protocol 
PS 
Problem  Scoping: demonstrating an understanding of 
facts and ideas relating to the procedural domain 
Understanding Protocol 
CCE 
Checking Content/Equipment: presenting and 
defending opinions by making judgments about task 
domain based on a set of criteria 
Evaluating Protocol 
DAS 
Developing Alternative Solutions with M/C: producing 
a plan or proposing a set of operations 
Creating Protocol 
Impediments to Workflow Activity 
Code Description 
Characteristics 
of Impediments  
Winograd &  
Flores  (1986) 
Data  Collected 
Types 
I 
Interaction Breakdown: Stop in the operational 
sequence (where the task was stalled) 
Stop in workflow 
activity. 
Protocol 
FS 
Interaction Focus Shift: Shift in the operator’s 
attention, than a relocation to another operational 
interface features (where a participant is distracted 
from the task) 
 
Relocation to 
another workflow 
activities 
Protocol 
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Codes were distinctive, interpretable and required limited value judgments. 
Codes were used to translate into MW’s interactions and information-
processing activities into traces of verbal protocol and protocol data.  
5.2.3 Reanalysis of Microwave Oven Video-Recordings at 
Five Second Intervals  
Figure 5.2 shows MW’s traces of interactions and information-processing 
activities using the microwave oven coded at five second intervals. Figure 
5.2 shows differentiations between units of codes. The trace shows MW’s 
processes, for example, the operational sequences used.. The traces shows 
MW’s responses to different types of operational interface issues and reflect 
the differences in understanding of the task. Hence, results confirm that the 
trace method was an appropriate method by which to assess MW’s 
interactions and information-processing activities. 
 
 
 
 
Figure 5.2 MW’s Traces using the Microwave Oven (coded at five second 
intervals)  
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Indentify intentions (II) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering (IG) 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Information obtained (IO) 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
User interface problem identified  (UIPI) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved (UIPR) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained 
(IUIIO)
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  (CPI) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problem resolved (CPR) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem 
solving (CVSPS)
0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
F1 F2 F3 B1 B2 B3 F4 F5
Operational procedure events
Searching for information 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Categorising information 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0
Problem scoping 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Checking content/equipment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0
Developing alternative solutions with m/c 
user interface
0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Interaction Focus-Shift 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0
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5.2.4 Review of Initial Coding Scheme at Five Second 
Intervals  
Data retrieval at five second intervals indicated that the initial coding scheme 
could be used to capture contextual data. However, the reasons for 
interaction breakdowns and focus-shifts were vague. In addition, the traces 
were sparsely populated with codes. .  
At five second intervals the coding scheme showed. 
 Information-processing activities and interactions, but 
limited reason for impediments to workflow activities. 
 Some categories of recorded coded units.  
 Single classification of codes.  
 Independent categories and codes. 
 Differences among categories which were meaningful. 
The footage was analysed at two second intervals. 
5.2.5 Reanalysis of Microwave Oven Video-Recordings at 
Two Second Intervals  
Figure 5.3 shows MW’s traces of interactions and information-processing 
activities using the microwave oven coded at two second intervals. Figure 
5.3 shows greater differentiations between units of codes. The trace shows 
MW’s processes, for example, the operational sequences used. In addition, 
the ways in which MW transcends and overlapping between units of codes. 
The trace reflect more of MW’s interactions and information-processing 
activities with the operational interface and its instructional materials. The 
traces shows MW’s responses to different types of operational interface 
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issues, reflecting the differences in understanding of the task, and potential 
reason for interactions breakdown and focus shifts 
 
 
 
Figure 5.3 MW’s Traces Using the Microwave Oven (coded at two second 
intervals) (See Appendix E) 
 
Figure 5.4 shows the same trace annotated to describe interactions and 
information-processing activities.  
 
 
 
Figure 5.4  MW’s Traces Using the Microwave Oven (coded at two second 
intervals with annotations) (See Appendix E) 
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Indentify intentions (II) 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
Information gathering on packaging (IG) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Information gathering on IA (IG) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1
Information obtained (IO) 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 0
User interface problem identified on IA  (UIPI) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
User interface problem identified on packaging
User interface problem resolved  (UIPR) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 
(IUIIO)Irrelevant user interface information obtained on IA (IUIIO) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Cognition problems identified  (CPI) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problem resolved (CPR) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 
(CVSPS)
1 0 0 1 1 1 0 0 0 0 1 1 0 1 1 1 0 0 1 1 1 1 0 1 0 1 1 0 0 0 1 1 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 1 0 1 1 1 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 1 1 0 1 0 1 0 1 0 0
F2F2 F3 B1B B B B B2 B B B B B3 F4 F5
Operational procedure events
Searching for information 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0
Problem scoping 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 0 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0
Checking content/equipment 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Noticeable findings included the following. 
 Information gathering with the meal packaging to initiate the 
information-processing  task. 
 The user showed a reliance on the information on the meal packaging  
 Information on the interface was not reviewed before the start of the 
activity.  
 Operational interface issues were noticed in advance of a series of 
interaction breakdowns and focus-shifts. 
 Overlapping transitions amongst information-processing skills events 
and operational procedural domains were a key feature of the 
interaction and associated information-processing. 
 Cognitive and operational procedural events differed in frequency and 
length. 
 Developing alternative solutions followed a period of categorising 
information. 
 Interaction breakdowns coincided with programming the interface and 
searching for information on associated instructional materials. 
5.2.6 Review of Initial Coding Scheme at Two Second 
Intervals  
Data retrieval at two second intervals indicated that the initial coding scheme 
could be used to capture more contextual data. Additional information-
processing activity codes were identified and added to information-
processing activity codes. Table 5.9 shows the nine information-processing 
activity codes identified. Noticeable finding were that eight of the codes were 
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in the information-processing activity area of analysing, for example, 
Information gathering from the appliance manual.  
 
Table 5.9  Additional Information-Processing Activities Identified at Two 
Second Intervals 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Information-Processing 
Requirements 
Information-Processing Skills 
Definition 
Processing Skills based 
on Anderson & 
Krathwohl (2001) 
Information gathering 
from the meal packaging 
Breaking-up and examining 
information in parts for visual 
instructions on the ready meal 
packaging* 
Analysing 
Information gathering 
from the appliance 
manual 
Breaking-up and examining 
information in parts for visual 
instructions on the appliance 
operational interface manual* 
Analysing 
Information gathering 
from the appliance user 
interface 
Breaking-up and examining 
information in parts for visual 
instructions on the appliance 
user interface* 
Analysing 
Operational interface 
problems identified on 
the information appliance 
user interface 
Finding visual elements 
problems with the appliance 
user interface* 
Analysing 
Operational interface 
problems identified on 
meal packaging 
Finding visual elements 
problems with the meal 
packaging* 
Analysing 
Irrelevant information 
from meal packaging 
 
Examining visual information 
on meal packaging to identify 
cause and effect* 
Analysing 
Irrelevant information 
from appliance 
operational interface 
Examining visual information 
on  appliance operational 
interface to identify cause and 
effect* 
Analysing 
Visual cognition  problem 
identified 
Breaking-up visual information 
in parts identifying  visual 
cause and effect* 
Analysing 
Visual cognition problem 
resolved 
Compiling information together 
in different ways to combine  
new knowledge and visual 
elements* 
Creating 
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At two second intervals the coding scheme showed. 
 Nine additional information-processing activities codes 
 Differences between information-processing activities with the 
operational interface and instructional materials. 
 Clear units and categories for coding information-processing activities 
and interactions. 
 Influences and effects of interaction breakdowns and focus-shifts. 
The video-recording was reanalysed at one second intervals. 
5.2.7 Reanalysis of Microwave Oven Video-Recordings at 
One Second Intervals  
Data retrieval at one second intervals indicated that the initial coding scheme 
could not be used to capture any more contextual data.  Hence, no new 
codes could be identified. All concepts in the coding scheme were 
considered developed. Data retrieved at two seconds intervals were shown 
to be the most reliable method. The coding scheme threshold for data 
collection and analysis was set at two second intervals.  
5.2.8 Coding Scheme  
This section describes the coding scheme. Tables 5.10 shows the coding 
scheme.  
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Table 5.10  Coding Scheme 
 
Coding Scheme 
Code Description 
Based on 
Anderson & 
Krathwohl 
(2001) 
Data  
Collected 
Types 
Information-Processing Activities 
II 
Identifying Intentions: identifying basic intentions and 
recalling facts 
Remembering 
Verbal Protocol 
& Protocol 
IG 
Information Gathering: examining and breaking information 
into parts 
Analysing 
Verbal Protocol 
& Protocol 
IO 
Information Obtained: translating and  interpreting 
information 
Understanding 
Verbal Protocol 
& Protocol 
IUIP 
Identifying Operational interface Problems: inferring and 
finding qualitative data of visual elements problems 
Analysing 
Verbal Protocol 
& Protocol 
RUIP 
Resolving Operational interface Problems: translating and  
interpreting  visual elements and information problems Understanding 
Verbal Protocol 
& Protocol 
IIUIIO 
Identifying Irrelevant Operational interface Information 
Obtained: examining visual elements and information to 
identify causes and effect   
Analysing 
Verbal Protocol 
& Protocol 
ICP 
Identifying Cognition Problems: breaking visual elements 
and information into parts by identifying  causes and effect 
Analysing 
Verbal Protocol 
& Protocol 
CPR 
Cognition Problem Resolving: compiling information together 
in different ways by combining visual elements and new 
knowledge 
Creating 
Verbal Protocol 
& Protocol 
CVSPS 
Concurrent Verbalization Supporting Problem Solving: 
verbally verifying ideas to determine level of complexity of 
user interface 
Evaluating Verbal Protocol 
IGMP Information gathering from the meal packaging Analysing 
Verbal Protocol 
& Protocol 
IGAM Information gathering from the appliance manual Analysing 
Verbal Protocol 
& Protocol 
IGAUI Information gathering from the appliance user interface Analysing 
Verbal Protocol 
& Protocol 
OIPAUI 
Operational interface problems identified on the information 
appliance user interface 
Analysing Verbal Protocol 
OIPMP Operational interface problems identified on meal packaging Analysing Verbal Protocol 
IIMP 
Irrelevant information from meal packaging 
 
Analysing Verbal Protocol 
IIAOP Irrelevant information from appliance operational interface Analysing Verbal Protocol 
VCPI Visual cognition  problem identified Analysing 
Verbal Protocol 
& Protocol 
VCPR Visual cognition problem resolved Creating 
Verbal Protocol 
& Protocol 
Interactions 
SI 
Searching for Information: presenting and defending 
opinions by making judgments about information and visual 
elements 
Evaluating 
 
Protocol 
CI 
Categorising Information: combining visual elements and 
information in new patterns or proposing alternative 
procedural solutions 
Creating 
 
Protocol 
P 
Programming: applying acquired knowledge, facts, 
techniques and rules to the user interface 
Applying 
 
Protocol 
PS 
Problem  Scoping: demonstrating an understanding of facts 
and ideas relating to the procedural domain 
Understanding Protocol 
CCE 
Checking Content/Equipment: presenting and defending 
opinions by making judgments about task domain based on 
a set of criteria 
Evaluating Protocol 
DAS 
Developing Alternative Solutions with M/C: producing a plan 
or proposing a set of operations 
Creating Protocol 
Impediments to Workflow Activity 
Code Description 
Characteristics 
of Impediments  
Winograd &  
Flores  (1986) 
Data  
Collected 
Types 
I 
Interaction Breakdown: Stop in the operational sequence 
(where the task was stalled) 
Stop in workflow 
activity. 
Protocol 
FS 
Interaction Focus Shift: Shift in the operator’s attention, the 
relocation to another operational interface features (where a 
participant is distracted from the task) 
Relocation to 
another workflow 
activities 
Protocol 
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The initial coding scheme had the following categories with codes. 
1. Eighteen information-processing activity codes. 
2. Six interactions codes. 
3. Two impediments to workflow activity codes. 
The coding scheme showed that it could be used in the assessment of 
participants’ interactions and information-processing activities. The 
advantages of using a coding scheme were that it could be used to code 
natural processes and interactions. 
The coding scheme was considered to be a clear and simple data collection 
and analysis tool to collect and analyse data for use in the assessment of 
participants’ interactions and information-processing activities. In addition, 
data can be analysed quantitatively and qualitatively. 
5.3  Discussions 
By focusing on participants’ sequential operations, interactions, procedures 
and activities using methods described by (Kings (2004) and Gibbs (2008) 
respectively), the study found that participants’ interactions and information 
processing activities could be identified and coded. Results suggested that 
participants used process-specific lateral interactions in the task. Results 
suggested participant MW aligned information on the operational interface 
with instructional materials. Visual instructions on the operational interface 
were unfamiliar to MW. Results suggested these unfamiliar and 
uninterruptable visual information caused the majority of interaction 
breakdowns and focus-shifts. In addition, these visual instructions remained 
active in MW’s working memory. For example, MW used concurrent 
verbalisation during interaction breakdowns and focus-shifts. Similar to the 
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finding of Old & Naveh-Benjamin (2008) the results suggested that MW 
showed an inability to align inconsistent information. In addition, on 
occasions, MW found it difficult to determine the meaning of visual 
instructions. MW used visual instructions when faced with a limited 
sequential operations. 
The coding scheme provided a method to detail the relationships between 
Mw’s information acquisition behaviours and information-processing.  The 
circular relationships between information information-processing is 
suggested by Rose et al. (2010). However, this study showed that MW made 
value and connection (the importance, worth, or usefulness) between 
information on operational interfaces and instructional materials. MW 
showed a readiness to read instructions on the ready meal packaging to 
align her foundation knowledge with the information. Task and functional 
level language was used to influence actions. Unlike Rose et al’s (2010) 
study, this study found that the coding scheme could be used to identify 
participants’ conscious and unconscious interactions and information-
processing activities 
5.4 Summary 
In this chapter, a coding scheme was introduced. The coding scheme was 
used to provide a detailed assessment of participants’ interactions with 
operational interfaces and instructional materials. Video footage of the 
microwave oven was used to produce the coding scheme. Three coding 
categories were derived: eighteen information-processing activity codes, 
nine interactions codes and two impediments to workflow activity codes. 
Evaluations of MW’s information-processing activities and interactions 
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indicated that MW talked through operational interface issues. The study 
identified the importance of participants’ foundation knowledge (at task and 
functional level language) which was used to influence actions. The study 
found that visual instructions were used by participants’ to determine 
interactions and information-processing activities. Results indicated that 
visual instructions on operational interface and instructional materials 
caused the majority of interaction breakdowns and focus-shifts. 
The coding scheme was used to assess and compare participants’ 
interactions and information-processing activities compared to participants 
using the two interfaces. This is reported in Chapter 6. Before the coding 
scheme could be used, an alternative operational interface design for use in 
the assessment of participants’ interactions and information-processing 
activities was derived (see Appendix A). The next chapter 6 reports on 
results of the study that compared participants using the two interfaces to 
assess participants’ interactions and information-processing activities 
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Chapter 6 
A Comparison of a New Microwave Oven Operational 
Interface Design with the Current Design 
 
The aim of this chapter is to report on results of a study that compared 
participants using the two interfaces to assess participants’ interactions and 
information-processing activities. The study compared a new operational 
interface design for the microwave oven with the current one.  
6.1  Development Process For the New Operational Interface 
The research instruments and participants used in the design and 
development for the new operational interfaces is summarised in Table 6.1.   
Table 6.1 Summary of Instruments and Participants in the Development of 
the Operational Unser Interface 
 
Combinations of participant, 
appliance and interface used 
Research Instruments 
Participants User interface Instructional Materials 
VA (female) aged 61 
Microwave oven operational 
interface 
Manual and ready meal 
packaging 
FG (female) aged 68 
TC (male) aged 58 
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The focus in this section is on the methods used to develop the new 
operational interface. An experimental research process of design-led action 
research was used. The research process built on cases drawn from van de 
Ven’s (2006, 2007). The process included the use of action research 
methods described by Fendt & Kaminska-Labbe (2011) to develop a series 
of  prototypes for the new operational interface for the microwave oven. The 
key conclusion from Chapter 5 was that visual instructions and information 
on the operational interface caused distractions and interruptions to workflow 
activities. A more detailed understanding of how visual instructions and 
information could be used was used to inform the  improvement to the 
interactions and information-processing activities with the interface. Key 
steps in the development process are shown in  Figure 6.1, which ended in 
the definition of a new operational interface design.   
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Figure 6.1 Amount of Time Participants Spent in Impediments to Workflow 
 
Design concepts were generated using augmented and alternative 
communication techniques described by Grove’s (1990). They were used to 
facilitate an improved understanding of the use of written visual and none 
visual instructions. This provided a standardised visual communication 
language for the development of the new operational interface. Design 
requirements were specified based on participants needs and operational 
interface issues encountered. Appendix A outlines the design and 
development process used to create the new operational interface. Design-
led action research methods were used to generate design requirements, 
design concepts and prototypes Design features and characteristics 
identified through explorations with prototypes were as follows. 
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 Displaying words, phrases, symbols and imagery in sequential series.  
 Displaying the whole information-processing task in full on the 
operational interface. 
 Constraining dynamic actions and operations. 
 Displaying words, phrases, symbols and imagery based on functional 
level language used in the real world. 
 Using visual and auditory instructions.  
 Allowing participants to access visual and auditory instructions on 
demand. 
 Discriminating between operational interface features. 
 Using categories of information. 
 Using information continuum. 
 Using touch modalities such as gesture. 
 Using a linear operational series. 
 Using animated and dynamic operational interface features and 
characteristics. 
These design requirements were considered necessary and feasible to 
achieve interface usability. Design concepts and prototypes were analysed 
using process-specific lateral interaction methods described by Freeman et 
al. (2001, 2002, 2005 & 2014). Prototypes were refined in a series of steps 
using three users. The final design definition was put into app format onto an 
IPad. The final operational interface design definition was prototyped using 
an app format on an iPad. Figure 6.1 shows the new operational interface 
and its key features and characteristics. 
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Figure 6.2 New Operational Interface on iPad (reproduced from Figure 3.5) 
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6.2  Method 
Key aspects of the research process are shown in Figure 6.3.  
 
 
 
 
Figure 6.3 Process Used to Compare the New Operational Interface with 
the Current 
 
The research process built on methods used in Chapter 4 and case studies 
drawn from Lincoln & Guba (1985). Two empirical studies with eight 
participants, four using a new microwave oven interface and the others using 
a current microwave oven interface were carried out. Data was collected and 
analysed using the coding scheme. Case study methods suggested by 
Carlile & Christensen (2004), Yin (1994) and Yin (2009) were used to 
compare data for empirical studies. Comparisons were made between 
individuals in sub-groups, across age ranges and between interfaces. Data 
was analysed using the following criteria: 
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 Information-processing requirements; 
 Operational procedures; 
 Impediments to workflow activity; 
 Operational procedural domains; 
 Information-processing skills requirements; 
 Overlapping transitions among operational procedural domains; and 
 Overlapping transitions among information-processing skills 
requirements. 
Table 6.2 gives an overview of the methods used in the study. Findings from 
the analysis are discussed in the next Section 6.3.  
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Table 6.2  Summary of Instruments & Participants in the Experiment 
Adapted from Chapter 4 (all female) 
 
Combinations of participant, 
appliance and interface used 
Research Instruments 
Participants User interface Instructional Materials 
 
(DH) Aged 67  
 
Current microwave 
oven operational 
interface 
Meal Packaging & 
Manual 
 
(AD) Aged 68  
Current microwave 
oven operational 
interface 
Meal Packaging & 
Manual 
 
(JB) Aged 72  
Current microwave 
oven operational 
interface 
Meal Packaging & 
Manual 
(ST) Aged 74  
Current 
microwave oven 
operational 
interface 
Meal Packaging & 
Manual 
(SL) Aged 65  
New microwave 
oven operational 
interface on an 
IPad 
Written instructions & 
Meal Packaging  
(CMK) Aged 69  
New microwave 
oven operational 
interface on an 
IPad 
Written instructions & 
Meal Packaging  
(JH) Aged 70  
New microwave 
oven operational 
interface on an 
IPad 
Written instructions & 
Meal Packaging  
(JH) Aged 74  
New microwave 
oven operational 
interface on an 
IPad 
Written instructions & 
Meal Packaging  
 
6.3 Results 
Results from the descriptive study are reported in this section using the 
structure and section numbers provided in Figure 6.3.  
6.3.1  Observations of Participants using Current & New 
Operational Interfaces 
Data was retrieved using the coding framework at two second intervals. 
Figures 6.4 to 6.11 shows participants’ traces (See Appendix E for A3 copies 
of traces). Five key characteristics of participants’ information-processing 
activities and interactions were observed: 
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a) an inability to differentiate between irrelevant and relevant 
information; 
b) attention decline; 
c) concentration decline; 
d) ineffective information retrieval methods; and 
e) effective information retrieval methods. 
Figure 6.4 shows participant DH’s information-processing activities and 
interactions.  
 
 
 
 
Figure 6.4 DH’s Traces using the Current Operational Interface (coded at 
two second intervals) 
 
 
Noticeable findings are as follows. 
• DH spent a limited amount of time reviewing the instructions on the 
packaging, preferring information gathering with the interface to 
initiate the process. 
Name DH 
aged 65-
67 Cognitive domain events 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 1 
m
in
u
te
2 4
Indentify intentions 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on packaging 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
information gathering with the appliance instruction manual
Information gathering on information appliance 0 0 1 1 0 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
Concurrent verbalisation supporting problem solving 0 2 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 1 1 0 0
Operational procedure events
Searching for information 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
Problem scoping 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
Checking content/equipment/mcor utensils 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 1 # 1 1 1 1 1 1 # 1 0 0 0 1 # 1 1 1 1 1 1 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 1 1 1 1 1 1 1 0 0 0 0
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• Information gathering with the interface formed the greatest 
proportion of information-processing activities. 
• DH did not make an attempt to review the instruction on the ready 
meal packaging before starting the task. 
• DH relied on information gathering with the interface.  
• Problem scoping formed the greatest proportion in interactions. 
• DH becomes aware quickly of the inconsistent information on the 
appliance. DH identified operational interface problems approximately 
20 seconds into a 60 second task. 
• Operational interface issues were not noticed in advance of a series 
of interaction breakdown and focus-shifts. 
• Interaction breakdowns were followed by frequent focus-shifts that 
became more intermittent and frequent toward the end of the task.  
After a programming time of one minute and four seconds, the task ended 
with the interface successfully programmed to heat the ready meal. 
Figure 6.5 shows participant AD’s information-processing activities and 
interactions.  
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Daged 
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4
0
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0
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2
5
4
Indentify intentions 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on packaging 0 0 0 0 0 0 0 0 # 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering with the applaince instruction manual 
Information gathering on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 0 1 0 0 0 1 1 0 0 0 0 0 1 1 1 1 0 1 0 1 1 0 0 1 1 1 1 0 1 1 1 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 1 1 0 0 1 1 1 1 0 1 1 1 1 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 0 0 0 0 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 0 1 1 0 1 1 1 1 0 1 1 1 1 1 0 1 1 0 0 1 1 1 1 0 1 1 1 1 0 0
Operational procedure events
Searching for information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 # 1 1 1 1 1 0 0 Q Q Q 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 Q Q Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Problem scoping 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 Q 1 1 0 0 0 0 0 0
- 100 - 
 
Figure 6.5 AD’s Traces using the Current Operational Interface (coded at 
two second intervals) 
 
Noticeable findings are as follows. 
• AD preferred information gathering with the packaging to initiate the 
task. 
• Concurrent verbalisation coincided with information gathering on the 
interface. 
• Information gathering with the interface formed the greatest 
proportion of information-processing activities. 
• Searching for information, categorising information, problem scoping 
and developing alternative solution with the appliance interface 
formed the greatest proportion of interactions. 
• AD become aware quickly of the inconsistent information on the 
interface.  
• Operational interface issues were noticed in advance of interaction 
breakdown and short focus-shifts.  
• AD did not reviewed the instruction on the packaging before starting 
the task.  
• AD relied on information gathering with the interface.  
After a programming time of one minute and fifty seconds, the task ended 
with the interface unsuccessfully programmed. Figure 6.6 shows participant 
JB’s information-processing activities and interactions.  
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Figure 6.6 JB’s Traces using the Current Operational Interface (coded at 
two second intervals) 
 
Noticeable findings are as follows. 
• JB preferred to identify her intentions as a mean of initiating the task. 
• JB preferred information gathering with the interface.  
• Operational interface issues with the interface cognition were 
identified early in the task, before a series of interaction breakdowns 
occurred. 
• Concurrent verbalisation supporting problem solving formed the 
greatest proportion of information-processing activities. 
• Searching for and gathering information formed the greatest 
proportion of interactions. 
• JB became aware of the inconsistent information on the interface, 
before reviewing the instruction on the ready meal packaging. 
• JB relied on the instruction on the packaging and the interface. 
Name 
JB 
aged 71-Cognitive domain events 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 1 
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u
te
2 4 6 8 1
0
1
2
1
4
1
6
1
8
2
0
Indentify intentions 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0
Information gathering on packaging 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 1 0
Information gathering with the applaince instruction manual 
Information gathering on information appliance 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 0 1 1 0 1 1 1 1 1 1 1 0 1 1 1 0 1 1 0 0 0 1 1 1 1 0 0 0 0 1 1 0 1 1 1 0 0 0 1 1 0
Operational procedure events
Searching for information 0 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Problem scoping 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 # 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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After a programming time of one minute and eighteen seconds, the task 
ended with the interface unsuccessfully programmed. Figure 6.7 shows 
participant ST’s information-processing activities and interactions.  
 
 
 
Figure 6.7 ST’s Traces using the Current Operational Interface (coded at 
two second intervals) 
 
Noticeable findings are as follows. 
• ST preferred information gathering with the instructions on the ready 
meal to initiate the task. 
• Information gathering with the interface and instruction manual 
formed the greatest proportion of information-processing activities. 
• Problem scoping and searching for information formed the greatest 
proportion of interactions. 
• ST becomes aware of the inconsistent information on the interface 
and manual. 
• Operational interface issues noticed early in the task. 
• ST review relied on interface to resolve operational interface issues. 
Figure 6.8 shows participant SL’s information-processing activities and 
interactions. After a programming time of one minute and two seconds, the 
task ended with the interface unsuccessfully programmed.  
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Indentify intentions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on packaging 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on information appliance 0 0 0 0 0 1 1 1 0 # 1 0 0 1 1 1 1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
Concurrent verbalisation supporting problem solving 1 0 0 1 1 1 1 1 1 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 1 1 0 1 1 1 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 1 1 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 1 0 1 0 0 1 1 0 1 0 0 0 1 1 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 0 0 1 0 0
Operational procedure events
Searching for information 0 0 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0
Categorising information 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 0 0 0
Problem scoping 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 0 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
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Figure 6.8 SL’s Traces using the Current Operational Interface (coded at 
two second intervals) 
 
 
Noticeable findings are as follows. 
• SL spent a limited amount of time on information gathering with the 
interface.  
• Information gathering with the interface formed the greatest 
proportion of information-processing activities. 
• Searching for information and problem solving formed the greatest 
proportion of interactions. 
• SL did not make an attempt to review the instruction on the ready 
meal packaging before starting the task. 
• SL relied on information gathering with the interface.  
• SL becomes aware of inconsistent information on the appliance.  
Name 
SLaged 
65-67 Cognitive domain events 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
Indentify intentions 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 1 1 0 0 0
Information gathering on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on information appliance 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 # 1 1 1 # # 1 0 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem identified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 1 1 0 1 1 1 0 0 0 1 0 1 0 0
Operational procedure events
Searching for information 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Problem scoping 0 0 0 0 1 1 1 1 1 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 # # # # # # # # # # # # # 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0 0 0 0
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• Operational interface issues were noticed in advance of a series of 
interaction breakdown and focus-shifts. 
• Interaction breakdowns were followed by frequent focus-shifts that 
became more intermittent and frequent toward the end of the task.  
 
After a programming time of one minute and eighteen seconds, the task 
ended with the interface successfully programmed in heating the ready 
meal. Figure 6.9 shows participant CMK’s information-processing activities 
and interactions 
 
 
 
 
Figure 6.9 CMK’s Traces using the Current Operational Interface (coded at 
two second intervals) 
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Indentify intentions 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 1 1 1 0 0 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0
Information gathering on packaging 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 q q q q q q q 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on information appliance 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 0 0
Information obtained 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 0 1 1 1 0 0 0 1 1 1 1 1 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 # 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q q q q 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem identified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 1 1 1 1 1 1 1 1 0 0 0 1 0 0 0 1 0 0 1 0 0 0 1 0 1 1 1 1 1 0 1 1 0 1 1 1 q q q q q q q 1 1 0 1 0 1 1 1 1 0 0 1 1 1 0 0 1 1 1 1 1 0 0 0 0 0 0 0
Operational procedure events
Searching for information 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 q q q 1 q q q 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 q q q q q q q 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0
Problem scoping 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Noticeable findings are as follows. 
• CMK preferred information gathering with the packaging to initiate the 
task. 
• Concurrent verbalisation coincided with information gathering on the 
interface. 
• Information gathering with the interface formed the greatest 
proportion of information-processing activities. 
• Searching for information, categorising information, problem scoping 
and developing alternative solution with the operational interface 
formed the greatest proportion of interactions. 
• CMK become aware of inconsistent information on the interface.  
• Operational interface issues were not noticed in advance interaction 
breakdown and short focus-shifts.  
• CMK did review the instruction on the packaging before starting the 
task.  
 
After a programming time of two minute and sixteen seconds, the task 
ended with the interface successfully programmed to heat the ready meal. 
Figure 6.10 shows participant JH’s information-processing activities and 
interactions.  
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Figure 6.10 JH’s Traces using the Current Operational Interface (coded at 
two second intervals) 
 
Noticeable findings are as follows. 
• JH spent a limited amount of time information gathering with the 
interface.  
• Searching for information and problem scoping formed the greatest 
proportion of interactions. 
• JH did not make an attempt to review the instruction on the ready 
meal packaging before starting the task. 
Name 
JHaged 70-73 Cognitive domain events 0 2 4 6 8 10
Indentify intentions 0 0 0 0 0 0
Information gathering on packaging 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0
Information gathering on information appliance 1 1 1 1 1 0
Information obtained 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 1 1 0
User interface problem identified on packaging 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0
Cognition problems identified  0 0 0 1 1 0
Cognition problem resolved 0 0 0 0 0 0
Visual cognition problem identified 0 0 0 0 0 0
Visual cognition problem resolved 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 0 0 1 1 1 0
Operational procedure events
Searching for information 1 1 1 1 0 0
Categorising information 0 0 0 0 0 0
Programming 0 0 0 0 0 0
Problem scoping 1 1 1 1 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0
Impediments to workflow
Interaction Breakdown 1 1 1 1 1 0
Interaction Focus-Shift 0 0 0 0 0 0
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• JH relied on information gathering with the interface.  
• JH becomes aware of inconsistent information on the appliance.  
• Operational interface issues were noticed at the same time of an 
interaction breakdown.  
 
After a programming time of eight seconds, the task ended with the interface 
unsuccessfully programmed. Figure 6.11 shows participant JH information-
processing activities and interactions.  
 
 
 
 
Figure 6.11 JH’s Traces using the Current Operational Interface (coded at 
two second intervals) 
 
Noticeable findings are as follows. 
• JH preferred information gathering with the interface. 
• Problem scoping, searching for information and categorising 
information formed the greatest proportion of interactions. 
• JH becomes aware of the inconsistent information on the interface.  
• Operational interface issues noticed early in the task. 
After a programming time of two minutes and forty four seconds, the task 
ended with the interface unsuccessfully programmed. Figures 6.12 
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Indentify intentions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 1 0 1 1 1 0 0 1 0 0 1 0 1 0 0 0 0 1 1 1 1 1 0 1 0 1 0 0 0 0 0 1 0
Information gathering on packaging 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on information appliance 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1` 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 ` 1 1 1 1 1 0 0 1 0 1 0 1 1 1 1 1 1 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
User interface problem identified on information appliance 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem identified 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 1 1 0 0 0 0 1 1 0 0 1 1 0 1 1 1 1 1 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 1 1 0 1 1 0 1 0 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 0 0 1 0 1 0 0 0 0 1 1 1 1 0 1 1 0 1 0 0 0 0 0 1 0
Operational procedure events
Searching for information 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Categorising information 0 0 0 0 0 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 1 1 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
Problem scoping 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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compared participants’ interactions and information-processing activities, 
use of interfaces and instructional materials in relation to participants 
successful and non-successful completion of the task.  
 
 
 
Figure 6.12 Comparisons of Participants’ Interactions & Information-
Processing Activities using Interfaces & Instructional Materials 
 
Figures 6.13 to 6.16 shows participants’ information-processing activities 
and interactions in relation to processes used.  Figure 6.13 shows the 
amount of time participants spent in overlapping information-processing 
activities using the current interface. Figure 6.14 shows the amount of time 
participants spent in overlapping information-processing activities using the 
new interface. Figure 6.15 show the amount of time participants spent in 
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overlapping interactions using the current Interface. Figure 6.16 show the 
amount of time participants spent in overlapping interactions using the new 
Interface. 
 
 
Figure 6.13 Amount of Time Participants Spent in Overlapping Information-
Processing Activities using the Current Interface 
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Figure 6.14 Amount of Time Participants Spent in Overlapping Information-
Processing Activities using the New Interface 
 
 
Figure 6.15 Amount of Time Participants Spent in Overlapping Interactions 
using the Current Interface 
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Figure 6.16 Amount of Time Participants Spent in Overlapping Interactions 
using the New Interface 
 
Despite experienced difficulties, several participants demonstrated a good 
level of abilities in information-processing activities and interactions. 
Participants used information on operational interfaces and instructional 
materials.  
6.2.2  Evaluations of Information-Processing Activities 
Figures 6.17 to 6.19 shows the information-processing activities used by 
participants in the task. Figure 6.17 shows the amount of time participants 
spent in information-processing activities categories. Figure 6.18 shows the 
percentage of time non-successful participants spent in information-
processing domains. Figure 6.19 shows the percentage of time successful 
participants spent in information-processing domains. 
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Figure 6.17 Amount of Time Participants Spent in Information-Processing 
Activities Categories 
 
 
 
Figure 6.18 Percentage of Time Non-Successful Participants Spent in 
Information-Processing Domains 
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Figure 6.19 Percentage of Time Successful Participants Spent in 
Information-Processing Domains 
 
Results suggested that the new interface influenced participants’ 
information-processing abilities and concentration level positively. In 
addition, results suggested that reading and processing information was 
easier with the new interface. The finding suggested that visual instructions 
and information on the new interface were better linked to routine activities 
and habitual behaviours, this in turn, positively influenced information-
processing. Participants monitor the layout and configuration of visual 
instruction and information on interfaces. The finding suggested that visual 
instructions and information are more favourable to participants when they 
are in operational sequence. Less interaction breakdowns and focus-shifts 
occur.  
Four key findings about the use of information design were identified: 
motivators; integration; realtors; and discriminators. For example, 
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participants analysed and evaluated information in sequential series and 
used real-life operational procedures. Participants made decisions based on 
linking visual instructions on operational interfaces and instructional 
materials. Participants’ information-processing and interactions mirrors the 
activities and habitual behaviours of activities of daily living. 
Participants’ individual information-processing activities and interactions 
were distinctive, however, searching and gathering information were key to 
participants’ processes. Information influenced the activities, procedures and 
operational sequences used by participants. Findings suggested that visual 
and auditory information presented in sequential series were beneficial. In 
addition, combining visual and auditory information had positive effect on 
participants’ information-processing activities and interactions. Noticeable 
findings were the overlapping transitions amongst information-processing 
activities and interactions. Participants demonstrated a high level of ability to 
process different information-processing activities and interactions 
simultaneously. Variability in overlapping transition amongst information-
processing activities and interactions was not attributed to participants’ age.  
The study found that four information-processing activities domains were key 
to the task: analysing, evaluating, understanding and remembering. Results 
presented evidence of a taxonomy of participants’ information-processing 
activities. Four information-processing activities domains are predominant in 
how participants’ information-processing activities when using operational 
interfaces for domestics appliances, such as a microwave. 
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Three distinctive information-processing activities were identified: gathering, 
obtaining information, and resolving problems using concurrent 
verbalisation. Affective learning included problem scoping and using 
information to develop alternative actions and processes. Results in Figures 
6.18 and 6.19 indicated that participants paid attention to details and 
elements of information which can be accessed and played back 
immediately to perform the task. Findings suggest that participants run into 
difficulties with words, text, symbol signs and number associations.  
Two key characteristics of participants’ intervention strategy include 
differentiation between irrelevant and relevant information. Being able to 
perform the task and resolve issues depends on a number of information-
processing skills. An important information-processing skill is the ability to 
recognize irrelevant and relevant information in sequence and visualize 
information. The extensive use of concurrent verbalisation suggests that 
participants use information to create a task sequence to formulate the 
process to complete the task. This eventually leads to the ability to 
remember task purpose, process and a formula for operations. Figure 6.18 
and Figure 6.19 show the in ways in which participants’ responded to the 
task and operational issues.  
A key finding from this experiment was that participants relied on information 
gathering on the microwave oven interface  and ready meal packaging for 
instructions and directions. Problem scoping formed the greatest proportion 
of interactions and participants became aware of information inconsistencies 
between information sources. Four key factors in the use of information for 
improvisation and information seeking interventions were identified: 
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motivators, integrators, relaters and discriminators. For example, participants 
maintained a focus on these and concentrated on information on the 
appliance, the new user interface, instruction manual and ready meal 
packaging.  The visual information was used to track information to 
strengthen working memory. Participants’ information-processing activities 
and interactions were distinctive, searching and gathering information was 
key to performing the task.  
Figures 6.18 to 6.19 show the participants’ information-processing activities, 
interactions and impediments to workflow. Findings suggested that 
participants continuously linked visual instructions and monitored the layout 
and configuration of visual instructions and information. On first analysis, 
interaction breakdowns (where the task is stalled) and focus shifts (where a 
participant is distracted from the task) appear to have negative effects on 
performing the task. However, insights on participants’ information-
processing activities suggest that during interaction breakdowns and focus-
shifts participants analyse, evaluate, understand and remember information 
using these four intervention strategy. Findings suggested interaction 
breakdowns and focus-shifts are not impediments to workflow, but are 
required in information-processing. 
Noticeable findings were that multiple activities of information-processing 
and interactions demonstrate a high level of ability to process information 
simultaneously. Being able to solve context-dependent procedure requires 
activities and interactions to be built on one another like building blocks. The 
ability to recognize and reproduce operations is the foundation for the next 
block. From this position, participants were able to build up and store 
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information about the context and procedure by creating a number of 
sequences to solve problems and perform the task. 
Findings suggest that participants experienced difficulties when making 
connections between information on the current  microwave oven interface 
and ready meal packaging.  The arrangement of information did not reflect a 
sequential process or the activities involved in performing the task in daily 
living. In addition, the information resources relied on by the participants 
were inconsistent. The study found that participants’ attention levels, 
cognitive and perceptual load were affected more by irrelevant and relevant 
information on the current microwave oven user interface and ready meal 
packaging. Results indicate that multiple information-processing activities 
and interactions were key aspects of performing the task.   
6.2.3  Evaluations of Interactions  
Figures 6.20 to 6.22 shows the interactions used by participants in the task. 
Figure 6.20 shows the amount of time participants spent in interaction 
categories. Figure 6.21 shows the percentage of time non-successful 
participants spent in interaction domains. Figure 6.22 shows the percentage 
of time successful participants spent in interaction domains. 
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Figure 6.20 Amount of Time Participants Spent in Interaction Categories 
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Figure 6.21 Percentage of Time Non-Successful Participants Spent in 
Interaction Domains 
 
 
 
 
 
Figure 6.22 Percentage of Time Successful Participants Spent in Interaction 
Domains 
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The study found that four interaction domains were key to the task: 
analysing, evaluating, applying and creating. Results presented evidence of 
a taxonomy of participants’ interactions. Four interactions domains were 
predominate in how participants’ interact when using operational interfaces 
for domestics appliances, such as a microwave. 
6.3.4  Evaluations of Impediments to Workflow Activity 
Figure 6.23 shows the amount of time participants spent in impediments to 
workflow activities.  
 
 
 
Figure 6.23 Amount of Time Participants Spent in Impediments to Workflow 
Activities  
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Results suggested that participants experience interaction breakdown 
(where the task is stalled) and focus shift (where a participant is distracted 
from the task). Results suggested that interaction breakdowns and focus-
shifts are experienced by all participants using both interfaces. On first 
analysis, interaction breakdowns and focus-shift appear to have negative 
effect on the task. However, data in Figures 6.17 to 6.19 provided insights 
on participants’ information-processing activates. The study findings 
suggested that during interaction breakdowns and focus-shifts participants 
analysing, evaluating, understanding and remembering instruction and 
information. The study findings suggested interaction breakdowns and 
focus-shift are not negative, but are required in information-process. 
6.4  Discussion 
Results suggested that the new interface enabled natural process. In 
addition, the habitual behaviours involved information-processing activities 
domain of analysing, evaluating, understanding and remembering. In 
addition, interaction domains of analysing, evaluating, applying and creating. 
Overlapping transitions amongst information-processing activities and 
interactions were key findings. Comparisons of overlapping transitions 
amongst information-processing activities and interaction domains showed 
poor information-processing was not attributed to participants’ age.  
Overlapping transitions amongst information-processing activities and 
interactions were a key finding. Participants’ information-processing tended 
to align information on interfaces and instructional materials. The interesting 
divergence between Lindqvist & Borell (2011) and this study is that this 
finding suggested that information design on operational interfaces have the 
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potential to bring about positive changes in information-processing. Interface 
characteristics can be used to support the routines by introducing, 
maintaining, reinforcing or regaining valuable insight on activities. In 
addition, the study found that suggested visual and auditory feedback 
integrated into information design can facilities information-processing. 
Parker (2011) argues that knowledge of the activities, action and operations 
used in users’ process could be used to improved use centred design. This 
study found that knowledge acquired in the process of participants’ activities 
are required for next generation information appliances. The study finding 
suggested that the coding can be used to identify participants’ operational 
sequences and functional language. These have the potential to be used as 
methods to connect activities, actions and operations. An important finding 
of this study is that information on instructional materials, such as ready 
packaging and manual could be considered a factor in non-successful 
operations with appliances. Results provide evidence to reinforce the use of 
visual and auditory information on operational interfaces.  
Unlike Malinowsky et al. (2010) and Rosenberg’s (2009) study, this study 
found that older participants are not more likely to have decreased ability to 
use operational interfaces on domestic information-processing appliances. 
Result of this study suggested that information design decreases 
participants’ abilities, thus, information design can have disabling 
consequences on the activities of daily living.  The ability to manage the 
information is an important factor to consider when assessing the functional 
and usability of operational interfaces. In addition, information-processing 
strategies of participants suggested that irrelevant information affects 
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participants’ information-processing. Similarly to Davenport et al. (2012) this 
study found that there are inconsistency on operational interfaces. However, 
this study found that there are inconsistency in information design. The 
finding suggested that there is a need for a deeper and broader 
understanding of factors affecting the quality of information used on 
operational interfaces and instructional materials. 
 This study found pattern of behaviours in information-processing activities 
(analysing, evaluating, understanding and remembering) and pattern of 
behaviours in four interaction (analysing, evaluating, applying and creating). 
This study concurs with Nycyk & Redsell (2010) study. Indeed, participants 
were under cognitive and perceptual pressures to use operational interface, 
however, many participants tended not to be reluctant to learn how to use 
the interface. In fact, several participants were willing to learn about the 
interfaces using the manual and ready meal packaging. The findings 
contributes to understandings of the types of practices older adults because 
it identified that participants were ready to learn about the process and task. 
Schroeder & Ziefle’s (2008) study indicated that icons in information on 
appliances do not obeys ergonomic rules. This study showed how the 
process of combining functional level language with routine and habitual 
behaviours experienced in activities of daily living can facilitate information-
processing activities and  interactions. Jones & Sarter (2008) argued that 
breakdowns in human-machine interaction are the result of poor feedback, 
inadequate mental models of the users and the high degree of coupling and 
complexity on operational interfaces. The study found that interaction 
breakdowns and focus-shift are essential information-processing, they are a 
- 124 - 
 
natural part of the interaction between participants and domestic information-
processing appliances. 
6.5  Summary 
Evaluations of the new and current interfaces suggested that the following 
features facilitated better participants’ interactions and information 
processing activities. 
 Displaying words, phrases, symbols and imagery in sequential series.  
 Displaying the whole information-processing task in full on the 
operational interface. 
 Constraining dynamic actions and operations. 
 Displaying words, phrases, symbols and imagery based on functional 
level language used in the context of the activity. 
 Using visual and auditory instructions.  
 Allowing participants to access visual and auditory instructions on 
demand. 
 Discriminating between operational interface features using defined 
categories. 
 Using categories of information. 
 Using information continuum. 
 Using touch modalities such as gesture. 
 Using a linear operational series. 
 Using animated and dynamic operational interface features. 
The study found that four participants’ (four participants’ (two participants 
using each interfaces) attention levels, cognitive load and perceptual load 
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were positively affected by the new interface design. The study findings 
suggested that overlapping information-processing activities and interactions 
were a key aspects of all participants’ use of operational interfaces. 
Information-processing activities codes of analysing, evaluating, 
understanding and remembering, in addition, interaction codes of analysing, 
evaluating, applying and creating were key aspects of all participants’ use of 
operational interfaces  
Descriptions of operational procedures and operational sequences were 
identified. The study found that participants made decisions based on 
information. In addition, the operational interface was more accessible when 
the information design on the operational interface mirrored the activities and 
habitual behaviours of heating food in a real-world context.  
The study found that participants’ foundation knowledge on a task and 
functional level language influenced actions. The finding suggested that 
participants’ knowledge of the task in a real-world context determined 
interactions and information-processing activities.  
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Chapter 7 
Conclusions & Future Work 
 
The aim of the research reported in this thesis was to explore approaches 
for supporting independent living through the design of operational interfaces 
that mirror the real-life processes of operational procedures. To conduct the 
research, twelve participants (aged over 55 and living independently) were 
observed carrying out two activities of daily living: washing white cotton 
bedding in a washing machine, and heating a ready meal in a microwave 
oven. The observations gathered information about participants’ processes, 
appliance design and operational interface issues. In addition, 
characteristics of participants’ interactions and information-processing 
activities using domestic information-processing appliances, and instructions 
associated.  
Observations of the microwave oven were used to learn about impediments 
to workflow activities, participants’ information-processing activities and 
information-processing acquisition behaviours. The research study found 
that there were many issues related to current operational interface designs, 
for example, participants’ inability to understand, recognise and interpret 
information on operational interfaces. In addition, it was identified that these 
issues were, in part, because of limited connections between information on 
operational interfaces and associated instructional materials. The study 
found that habitual behaviours demonstrated in participants’ routine activities 
tended not to be used in information design on operational interfaces. 
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Finally, instructions and information on operational interfaces and 
instructional materials were difficult to follow because they tended not to 
present information in sequential order. 
7.1 Discussion with Respect to the Research Objectives 
In this section, the contributions to knowledge with respect to research 
objectives are presented. 
1. Determine ways in which designers respond to the changing needs 
of older adults in the design of operational interfaces on domestic 
information-processing appliances through a review of the literature. 
User centred design, human centred design and inclusive design are 
commonly used methods in the design of consumer products for specific 
populations such as older adults. Evidence of their effectiveness can be 
seen in mass produced products such as the Oxo Good Grip product range. 
However, the design of these products tends to concentrate on ergonomic 
aspects that improve usability.  Studies such as Wilson et al. (2009) devote 
attention to design solutions that compensates for specific sensory, motor 
and visual difficulties in related to the ageing process. These methods are 
less well suited to the design of domestic information-processing appliances 
where a key aspect for users is information-processing.  
A limited number of user centred design research studies relate to older 
adults’ attention levels, concentration, perceptual load, cognitive load and 
word comprehension using operational interfaces on domestic information-
processing appliances. Moreover, inclusive and user centred design studies 
focus on ergonomic issues. For example, Malinowsky et al. (2010) and 
Rodriguez (2012) recommend that designers resolve operational interface 
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issues by considering how older adults use operational interfaces. They 
advocate that designers observe interactions and information-processing 
activities to understand user-product interactions. 
Results of an early study carried out in this research suggested participants 
experienced difficulties when trying to make connections between 
information on operational interfaces and associated instructional materials.  
It was concluded that designers could respond to the changing needs of 
older adults in two ways: 
a) arrange the information on operational interfaces to reflect the 
sequential process of the activity of daily living; and  
b) make the information on operational interfaces and associated 
instructional materials consistent with each other. 
2. Identify operational interface design goals through observations of 
older adults using operational interfaces on domestic information-
processing appliances to carry out activities of daily living. 
Two empirical studies with two participants, one using a washing machine 
and the other using a microwave oven, were carried out. Two key design 
goals were identified. Firstly, an information continuum should be used to 
present the full operational sequence (on the operational interface) in 
connection with the activities of daily living and the processes used in the 
task. Secondly, information categories should be used to group the 
processes used in the task, for example, cook cycle, temperature and time. 
In this way, all aspects of the operation on the appliance could be 
understood, recognised and interpreted. 
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3. Establish evaluative performance criteria to enable the design, 
development and assessment of an alternative domestic information-
processing appliances operational interface. 
Characteristics of interaction with microwave oven and the washing machine 
were identified. Twelve evaluative performance criteria for operational 
interfaces for participants were defined and associated with requirements for 
a new operational interface design. The criteria and associated with 
requirements are summarised in Table 7.1 
Table 7.1 Microwave Oven & Washing Machine Evaluative Performance 
Criteria & Associated Design Requirements (reproduced from Figure 4.6) 
 
Evaluative Performance 
Criteria 
Associated Design Requirements 
Purposeful 
 
The operational interface should allow participants to make meaningful 
connections between the information-processing task, activities, its 
goals and information used 
Size of Visual 
Instructions 
Appropriate for Use 
 
Ensure that participants can read the operational interface features 
from a minimum distance of 500mm. Ensure that participants can reach 
and touch the operational interface features from a normal operating 
position. Positioned operational interface features along the horizontal 
line of sight between zero and 30 degrees. 
Standardised Elements 
 
Use consistent instructions and information on operational interfaces 
Responsiveness to 
Errors 
Use visual and auditory instructions on operational interfaces 
Functional Grouping 
 
Place operational interface features in a linear operational series- 
constrain the series of actions if necessary 
Sequential Grouping 
 
User functional level language based on operational series based on 
operational interfaces. 
 
Learnability 
 
Use intuitive words, phrases, symbols and imagery used in early learnt 
experience of the activity or task 
 
Flexible in Use 
Allow participants to tailor actions, operational series and activities 
Perceptibility 
 
Use recognisable and understood words, phrases, symbols and 
imagery 
Intelligibility 
 
Use interpretable words, phrases, symbols and imagery 
Level of Cognitive Effort 
 
 
Use sequential series and auditory repetition of words, phrases, 
symbols and imagery to minimise cognitive overload 
Actionability 
 
Use operational series and discriminate between operational interface 
features 
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4. Design and develop an alternative operational interface for a 
domestic information-processing appliance and evaluate how its 
effects older adults’ interactions. 
The final design of the new operational interfaces is presented and 
evaluated in Chapter 6 and details of the design development process are 
reported in Appendix A. The new design was created to respond to the 
design goals identified in Objective 2. The new operational interface and the 
ways in which it addresses the design goals and requirements in Objective 3 
are summarised in Figure 7.1 
 
 
 
Figure 7.1 New Operational Interface on iPad App & the Design Goals 
Summarised ((reproduced from Figure 6.1, annotated with key design 
features (See Appendix F)) 
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5. Establish a framework to enable the assessment of the interactions 
and information-processing activities in the use of operational 
interfaces. 
A framework, in the form of a coding scheme, for use in the assessment of 
participants’ interactions and information-processing activities when using 
domestic information-processing appliances was established.  Video footage 
of the microwave oven was used to produce the coding scheme. Three 
coding categories were derived: eighteen information-processing activity 
codes, six interactions codes and two impediments to workflow activity 
codes. Chapter 6 reports the use of the coding scheme to evaluate two 
operational interface designs (new and current microwave oven) in the 
context of the activities of daily living. Descriptions of participants’ 
interactions and information-processing activities were defined. Sequences 
and interactions used in real-life operational procedures were analysed and 
evaluated.  
6. Evaluate the framework by using it to analyse the effects that 
information-processing has on older adult interactions with domestic 
information-processing appliances. 
Two empirical studies with eight participants, four using the new microwave 
oven interface (see Appendix A) and the others using a current microwave 
oven interface were carried out. Comparisons were made between 
participants using the two interfaces. Data was analysed using the following 
as criteria: 
 Information-processing requirements; 
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 Operational procedures; 
 Impediments to workflow activity; 
 Operational procedural domains; 
 Information-processing skills requirements; 
 Overlapping transitions among operational procedural domains; and 
 Overlapping transitions among information-processing skills 
requirements. 
The study found that four participants’ (two participants using each 
interfaces) attention levels, cognitive load and perceptual load were 
positively affected by the new interface design. The study found that 
overlapping information-processing activities and interactions were key 
aspects of all participants’ use of operational interfaces. Information-
processing activities codes of analysing, evaluating, understanding and 
remembering, in addition, interaction codes of analysing, evaluating, 
applying and creating were key aspects of all participants’ interactions using 
operational interfaces on the domestic information-processing appliances. 
Participants’ interactions and information-processing activities mirrored the 
activities and habitual behaviours of heating a meal in a real-world context. 
Evaluations of participants’ information-processing activities indicated that 
talking through operational interface issues was an important aspect of 
information-processing. Four participants showed an ability to resolve 
operational interface issues. This was done by referring to information in 
operational sequence. The study identified the importance of participants’ 
foundation knowledge (task and functional level language) which was used 
to influence actions. The findings suggested that participants’ knowledge of 
- 133 - 
 
the task in a real-world context determined interactions and the information-
processing activities. Of particular interest, was the fact that the coding 
scheme could be used to define participants’ conscious and unconscious 
interactions and information-processing activities. 
7.2 Contribution to Knowledge Made 
The aim of this research was to explore information-processing activities and 
interactions of older adults when using domestic appliances with a view to 
improving the design of user interfaces on such appliances. This was 
achieved by investigating older adults’ experiences and perceptions of 
information-processing activities and interactions when performing tasks with 
domestic information-processing appliances in conjunction with information 
such as appliance user manuals and ready meal packaging. 
The overarching research question addressed by the research was, 
“What types of operational user interface can support older adults with 
reduced information processing capabilities in using domestic information-
processing appliances more effectively?” 
Evaluative Performance Criteria for Domestic Information-Processing were 
established. A coding scheme, based on these criteria was defined and used 
to collect, analyse and evaluate information-processing activities, 
interactions and impediments to workflow in a series of experiments.  
7.3 Users & Beneficiaries of the Research 
The research delivered benefits from a number of perspectives. 
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- For design practitioners, the research study provides a coding 
scheme that can be used to identify and analyse information-processing 
activities and interactions in the context of human activity. 
- For occupational therapists, the research study provides insights into 
ways in which habitual behaviours demonstrated in the routine activities of 
daily living could be used to inform the design of operational interfaces, 
visual instructions and information-processing tasks to be completed by 
older adult with reduced information-processing and interactions. 
- For consumer product manufacturers, the research study provides 
insights on different user interface points used by older adults to inform the 
performance of a task. 
- For social scientists, the research study provides insights into the 
different information-processing activities and interactions used by older 
adults. Researchers in the social sciences could use the coding scheme to 
define activities influencing participants’ natural approaches to problem 
solving such as personal and epistemological reflexivity to identify 
participants’ values and beliefs and the foundations of knowledge and 
information referencing found in concurrent verbalisation. 
- For human computer interaction researchers, specialists and 
ergonomists, the research study provides understandings of different points 
of view toward the use of the information in the same human activity. 
- For design researchers, the coding scheme provides a method to 
collect and analyse information-processing activities, interactions and 
impediments to workflow, and describes older adults’ actions, operations 
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and activities while performing a tasks. This is of particular relevance, to 
researchers studying conscious and unconscious cognition and interaction, 
also researchers studying habitual ritual, behaviours and thought patterns of 
users young and old.  
7.4 Validity, Generalisability & Reliability of Results 
This research study revealed practical difficulties experienced by older users 
using domestic information processing appliances. The results highlighted 
shortcomings in the design of information on user interfaces and information 
source materials are the main reason of interaction breakdowns and focus-
shifts. Findings suggests these are the reason for multiple transitions 
amongst interactions and information-processing activities. The findings 
provide a deeper understanding of the complexities of interactions and 
information-processing activities. The coded units in three categories of the 
coding scheme, could be adapted to collect, analyse and evaluate verbal 
protocol and protocol on the use of other domestic information processing 
appliances, such as washing machines, where the use of the appliance is 
based on processes involved a purposeful activity. On the other hand, the 
research is less applicable to appliances that perform one off functions such 
as kettles and toaster.  
The research study used random variation and ensured sample size was 
adequate for the study. However, all the participants were European 
females. As a result, findings may not translate to older adults from other 
genders or ethnicities. In a further study, observations of a more diverse mix 
of gender and ethnicity could be carried out. The research involved twelve 
participants over 55 years-old and three operational interfaces. A larger 
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number of participants and operational interfaces would have been 
preferred, however, there needed to be balance between the overall 
research time frame and the research study design. There are still gaps in 
knowledge that need to be explored in regards to operational interface 
design, such as affordance and information. A next step could be to build a 
stronger evidence base, based on the various types of information on a 
variety of domestic information-processing appliances. 
7.5  Further Work 
The premise of the research study was to explore approaches for supporting 
independent living through the design of operational interfaces. Future work 
could focus on evaluations and explorations of different operational interface 
designs using the coding scheme. The question of how older men and ethnic 
groups in the UK, and internationally use domestic information–processing 
appliances is a priority for further investigation. Engaging diverse older 
adults could uncover differing reported experiences. It is possible that older 
men and people with non-European ethnicities, use different kinds of 
interactions and information-processing strategies. 
Data was collected manually in this research. An opportunity for further 
development of the research lies in the use of a more automated data 
collection system. The coding scheme’s validation suggested its potential for 
a further study. The video-recording of participant MW using the microwave 
oven could be analysed using the coding scheme. The evaluative 
performance criteria were developed so that product designers could identify 
the needs of older adults. Future work could focus on evaluations of the 
performance criteria with product designers. Outcomes could provide greater 
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insights on ways in which to improve the design of operational interfaces for 
older adults. 
Ageing research in developing countries requires multidisciplinary research. 
Developing countries urgently need research to help relieve the pressure of 
an ageing population. Results of this study suggested that older adults living 
independent in developing countries around the world could be an area for 
evaluation and exploration. The Caribbean and Latin American’s populations 
are both increasing and ageing. The number of older adults living 
independently in their homes is expected to increase. Demands on public 
services, family fragmentation and geographical dispersal of relatives means 
that older adults in the Caribbean and Latin American are living alone for 
longer. Initial research could focus on information design, activity and 
affordances Kaptelinin & Nardi (2012) and Bærentsen & Trettvik (2002), 
independent living and ageing in the Caribbean and Latin America. 
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Appendix A 
Approach Used to Design & Developing New Operational 
Interface For a Microwave Oven  
 
The key aim of this appendix is to summarise the design process used to 
design led-action research methods to derive an alternative operational 
interface design for use in the assessment of participants’ interactions and 
information-processing activities. 
A.1.1 Design-Led Action Research Approach used to Generate 
Design Requirements 
The research instruments and participants in the experiments are 
summarised in Table A.1. The appendix  gives an overview of the methods 
used in this study. 
 
Table A.1 Summary of instruments and participants in the development of 
the new operational interface (reproduced from Table 6.1) 
 
Combinations of participant, 
appliance and interface used 
Research Instruments 
Participants User interface Instructional Materials 
VA (female) aged 61 
Microwave oven operational 
interface 
Manual and ready meal 
packaging 
FG (female) aged 68 
TC (male) aged 58 
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An experimental research process of design-led action research was used. 
The focus in this section is on the methods used to develop the new 
operational interface. The research process of design-led action research 
built on cases drawn from van de Ven’s (2007) and van de Ven’s (2006). 
Key steps in the research process are shown in  Figure 6.1.   
An experimental research process of design-led action research was used. 
The focus in this section is on the methods used to develop the new 
operational interface. The research process of design-led action research 
built on cases drawn from van de Ven’s (2007) and van de Ven’s (2006). 
Key steps in the research process are shown. 
 
 
 
Figure A.1.1 Amount of Time Participants Spent in Impediments to 
Workflow 
- 153 - 
 
 
The key conclusion from Chapter 5 was that visual instructions and 
information on the operational interface caused distractions and interruptions 
to workflow activities. A more detailed understanding of how visual 
instructions and information could be used to improve the interactions and 
information-processing activities were needed. This chapter reports results 
of a study that used action research methods described by Fendt & 
Kaminska-Labbe (2011) to develop a new operational interface for the 
microwave oven.  
Design concepts were generated using augmented and alternative 
communication techniques described by Grove’s (1990). They were used to 
facilitate an improved understanding of the use of written visual instructions. 
This provided a standardised visual communication language for the 
development of the operational interface. Design concepts were analysed 
using process-specific lateral interaction methods described by Freeman et 
al. (2001), Freeman et al. (2002), Freeman et al. (2005) and Freeman et al. 
(2014). The selected design concept was refined in a series of steps using 
three users. The final design definition was put into app format onto an IPad. 
The design was evaluated by the same three users.  
Design requirements were specified based on participants needs and 
operational interface issues encountered. Design requirements were as 
follows. 
 Displaying words, phrases, symbols and imagery in sequential series.  
 Displaying the whole information-processing task in full on the 
operational interface. 
 Constraining dynamic actions and operations. 
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 Displaying words, phrases, symbols and imagery based on functional 
level language used in the real world. 
 Using visual and auditory instructions.  
 Allowing participants to access visual and auditory instructions on 
demand. 
 Discriminating between operational interface features. 
 Using categories of information. 
 Using information continuum. 
 Using touch modalities such as gesture. 
 Using a linear operational series. 
 Using animated and dynamic operational interface features. 
These design requirements were considered necessary and feasible.  
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A.1.2  Design Concepts 
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A.1.3  Prototypes 
 
 
 
Figure A.1.2 Development of the New Interface 
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A.1.4  New Operational Interface Design  
. 
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Figure A.1.3 New Operational Interface on iPad App (Reproduced from 
Figure 6.1) 
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A
 
B
 
C
 
D
 
Figure A.1.4 Operational Interface Sequence for New Microwave Oven 
Interface 
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Figure A.1.5 Operational Sequence for New Washing Machine Interface 
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Appendix B 
Research Study Ethics Approval                                              
(Ethics reference MEEC 10-028) 
 
 
Performance, Governance and Operations 
Research & Innovation Service 
Charles Thackrah Building 
Leeds LS2 9LJ   
Tel: 0113 34 34873 
Email: j.m.blaikie@leeds.ac.uk  
 
 
Lisa-Dionne Morris 
School of Mechanical Engineering 
University of Leeds 
Leeds, LS2 9JT 
MEEC Faculty Research Ethics Committee 
University of Leeds 
15 June 2017 
 
Dear Lisa-Dionne 
 
Research title The Design of Operational Interfaces for Older Adults 
Ethics reference MEEC 10-028 
I am pleased to inform you that the amendment to the application listed above has been 
reviewed by the Chair of the MaPS and Engineering joint Faculty Research Ethics 
Committee (MEEC FREC) and I can confirm a favourable ethical opinion as of the date of 
this letter. The following documentation was considered: 
Document    Version Date 
MEEC 10-028 Amendment_form.doc 1 27/06/12 
 
Please notify the committee if you intend to make any further amendments to the research 
as submitted at date of this approval.  This includes recruitment methodology. All changes 
must be ethically approved prior to implementation.   
Please note: You are expected to keep a record of all your approved documentation, as well 
as documents, such as sample consent forms, and other documents relating to the study.  
This should be kept in your study file, which should be readily available for audit purposes.  
There is a checklist listing examples of documents to be kept which is available at  
http://researchsupport.leeds.ac.uk/index.php/academic_staff/good_practice/other_informatio
n_nhs_sites in the ‘Other useful documentation’ section.  
 
Yours sincerely 
 
Jennifer Blaikie 
Senior Research Ethics Administrator, Research & Innovation Service 
On behalf of Professor Gary Williamson, Chair, MEEC FREC 
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Appendix C 
Methods use to Recruit Participants (Email to Older Adults’ 
Lunch time Group in Hull, Examples of the Advertising 
Poster  Information about the Study & Consent Form 
 
Sent: 11 December 2012 16:57 
To: Lisa-Dionne Morris 
Subject: The Design of Operational Interfaces for Older Adults 
Operational Breakdowns and Shift-Focus 
Facilitating Meaningful Interaction between Older Consumers, Information Appliances and 
Systems 
Researchers: Professor Alison McKay, Professor Thomas Cassidy and Lisa-Dionne Morris 
at Leeds University. 
Information Sheet 
Dear Sheila. 
At Leeds University, within the School of Mechanical Engineering, we are working on a 
design and systems operation project to find out older adult’s needs and aspirations for 
independent living in the digital age to develop guidelines for designers and design 
engineers working in areas of information appliances and system design in the future. 
We would be delighted if the carers group and members could take part in the study. We 
are writing with a request for permission to talk and observe male and female members 
aged 65-75, requesting their involvement in one group study on Tuesday, 8th January 2013.  
The event will take place during the day, preferably lunch time, in Hull (location to be 
confirmed). It will involve the researcher observing individuals operating/using the displays 
and controls on a domestic microwave oven and an iPad application.  We will seek the 
permission of each of the participants separately and will not speak to them unless they 
agree to take part in the study. 
Ms Lisa-Dionne Morris BA, MA (RCA)/PhD Researcher will give a 30 minute talk on 
Designing for an Aging Population, Technology and Ageing which will be followed by the 
observed tasks. The tasks will be videotaped for further reference and for the purpose of 
reporting. Participants will be free to communicate their ideas through informal conversation 
and a questionnaire. Participants will be able to ask the researchers to stop the taping at 
any point and they will do so accordingly. No participant will be named at any point in the 
writing up of the research and the views of all participants will be treated confidentially. 
The activity will take place during working hours and on identified premises at a suitable 
time determined by group members and the researcher. Each session will be led by a 
professional and appropriately trained researcher namely Ms Lisa-Dionne Morris MA 
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(RCA)/PhD Researcher who is CRB checked and cleared. Ms Lisa-Dionne Morris will also 
be witnessed by or within hearing distance of other participants.  
 
All participants involved in the study will be given lunch. I have included a list of meal 
options for members to pre-select their M&S meal for the event, please return this list to 
Lisa-Dionne Morris by 15th December 2012.  The times of the study will be confirmed.  We 
have attached a word document and an exemplar of a PowerPoint slide or advert to be used 
to promote the event. 
Researcher contact information:   
Ms. Lisa-Dionne Morris 
Senior Teaching Fellow 
Institute of Engineering Systems & Design 
School of Mechanical Engineering 
University of Leeds 
Leeds 
LS2 9JT 
 
Tel. 0113 343 6665 
Fax. 0113 343 2150 
Email. l.d.morris@leeds.ac.uk 
 
 
Are you aged 65-75?
Do you find the displays and controls on domestic appliances confusing?
Focus group and research 
at NNR to support research into 
AGEING POPULATIONS
7th January noon to 2.30pm (TBC)
14th January noon to 2.30pm (TBC)
Lunch will be provided for all participants 
Please take a leaflet or see Lisa-Dionne Morris for more details or email l.d.morris@leeds.ac.uk
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Research project title 
The Design of Operational Interfaces for Older Adults 
Invitation 
You are being invited to take part in a research project. Before you decide to take part, it is 
important for you to understand why the research is being done and what it will involve. 
Please take time to read the following information sheet carefully then discuss it with others 
if you wish. Ask or contact the named researcher if there is anything that is not clear or if 
you would like more information about research. Take time to decide whether or not you 
wish to take part. Thank you for reading this. 
Project’s purpose 
Usability studies relating to commercial domestic consumer appliances, known as domestic 
information appliances, identify the poor design of displays and controls as a major cause of 
user dissatisfaction. Many researchers argue that dissatisfaction is often the result of 
multiple errors caused by the complex composition of visual instructions and directions in 
addition to displays and controls.   
 
Aims 
This research aims to understand the reasons for interruptions and disruptions to work flow 
which is experienced by older adults through a  understanding of the design of the operation  
operational interface on commercial domestic consumer appliances.    
The study  
The participants will partake in the following way: 
Conduct a series of task activities with a variety of working commercial domestic consumer 
appliances (domestic information appliances).  Commercial domestic consumer appliances 
might include the following appliances: a microwave; washing machine; cooker; toaster; 
dishwasher and fridge.  The main research study will observe participants using the Daewoo 
KOC9Q3T Combination Microwave, 28 L, 900 W – Black. Complete a survey about   issues 
and problems when operating the microwave oven. 
Attend a focus group event with other participants. 
Have the actions video recorded. 
All of the tasks carried out during the research study will be low risk. The appliance has 
been PAT Tested to ensure its electrical safety. The researcher will be present at all times. 
There are no lifestyle restrictions as a result of participating. Your task will take a total of 30 
minutes. Your task will be videotaped.  The research will be conducted on the Leeds 
University premises and off campus.  Travel expenses will be reimbursed (if applicable). 
Recorded media  
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A videotape recording of the task will be used only for data collection and analysis. No other 
use will be made of the videotape recordings without written permission being sought, and 
no one outside the project will be allowed access to the original videotape recordings.  
Survey data 
Survey data will be used only for data collection and analysis. No other use will be made of 
the survey data without written permission being sought, and no one outside the project will 
be allowed access to the original data.  
Participants  
You have been chosen based on the following criteria:   
age (65-75) male and female 
You are one of nine other participants carrying out this research. 
Voluntary participation 
It is up to you to decide whether or not to partake. If you do decide to partake you will be 
given an information sheet to keep then given a consent form to sign. Participants can 
withdraw at any time without it affecting any benefits they are entitled to in any way.  
Participants do not have to give a reason for their withdrawal. 
Disadvantages and risks of partaking 
There are no reasonable or foreseeable discomforts, disadvantages and risks associated 
with you taking part in the research. 
Benefits of partaking 
Whilst there are no immediate benefits for those participates involved in the project, it is 
hoped your involvement will help you understand reasons why you might have usability 
issues with displays and controls on domestic information appliances.    
Confidentiality 
All data collected will be kept strictly confidential. You will not be able to be identified in any 
reports or publication which originates from the research data. 
Data protection 
All data will be stored on a secure password-protected server.  There will be appropriate 
backups and firewall protection to secure the data.  Data will be used for research purposes 
only.  It will be held for the time of research, until the end of the PhD study in 2015. 
Participants will be identified exclusively by a given ID code.  
Information needed 
The following information will be sought from all participants: 
Age 
Gender 
Any age related disabilities  
Information relating to the use of a number of commercial domestic consumer appliances 
The collection of this information is relevant to achieve the research study aims and 
objectives. 
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The research study results 
The results of the research study are likely to be published from 2013 onwards. You will be 
able to obtain a copy of all published results from 2013 onwards. Participants will not be 
identified in reports and/or publications in anyway. If the data collected during the course of 
this research study are to be used for any additional or subsequent research study 
permission for its use will be explicitly sought.  
Organisation funding the research 
Leeds University is sponsoring the research. 
Further information 
If you have any questions please contact Ms. Lisa-Dionne Morris on 0113 343 6665 
alternatively email by l.d.morris@leeds.ac.uk.  All participants will be given a copy of the 
information sheet and if appropriate, their signed consent form to keep. I would like to thank 
all participants in advance for agreeing to partake in the research. 
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Title of Research Project: Design Operational Interface for Older Adults 
 
Name of Researcher:   Ms. Lisa-Dionne Morris 
 
Tick the box if you agree with the statement. 
1 I confirm that I have read and understood the information sheet  
and I have had the opportunity to ask questions about the project.  
 
2 I understand that my participation is voluntary and that I am free to withdraw at any 
time without giving a reason why I want to withdraw. I understand that by withdrawing there 
will be no negative consequences. In addition, should I not wish to answer any particular 
survey question(s) I am free to decline to answer. I understand that if I have any questions I 
will contact Ms. Lisa-Dionne Morris on 0113 343 6665 alternatively email by 
l.d.morris@leeds.ac.uk to seek advice or confirmation.  
3 I understand that my response(s) will be kept strictly confidential. 
I give permission for supervisors of this researcher study to have access to my anonymised 
response(s). I understand that my name will not be linked to 
the research data and I will not be identified or identifiable in  
reports or papers.    
4 I agree for the data collected from me to be used in publications or research.  
5 I agree to partake in the stated research project and I will inform the principal 
investigator should my wishes change.  
________________________ ________________         ____________________ 
Name of participant Date Signature 
(or legal representative) 
_________________________ ________________         ____________________ 
Name of person taking consent Date Signature 
(if different from lead researcher) 
To be signed and dated in presence of the participant 
________________________ ________________         ____________________ 
 Lead researcher Date Signature 
To be signed and dated in presence of the participant 
 
Copies: 
Once this has been signed by all parties participants will receive a copy of the signed and 
dated information sheet and consent form by mail.  A copy of the signed and dated consent 
form will be kept with the project’s main documents which will be kept in a secure location.  
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Appendix D 
Instructional Materials used in the Research Study 
 
The instructions for using the new operational interface for the microwave 
oven. 
1. Select and operate the first reel (reels can only be operated in 
sequential series) 
2. Choose the image of the appliance you want to operate  
3. Select and operate the second reel  
4. Choose an image, symbol or word related to the task 
5. Repeat step two using the third, fourth and fifth reel 
6. Press start when you have completed your desired cook cycle. 
On completion of the fifth reel, the sequential series are spoken in words to 
confirm the task. 
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Appendix E 
Participants’ Traces 
 
 
 
 
 
Figure A.1.6 MW’s Traces Using the Microwave Oven (coded at two second intervals) 
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Indentify intentions (II) 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
Information gathering on packaging (IG) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Information gathering on IA (IG) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1
Information obtained (IO) 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 0
User interface problem identified on IA  (UIPI) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
User interface problem identified on packaging
User interface problem resolved  (UIPR) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 
(IUIIO)Irrelevant user interface information obtained on IA (IUIIO) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Cognition problems identified  (CPI) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problem resolved (CPR) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 
(CVSPS)
1 0 0 1 1 1 0 0 0 0 1 1 0 1 1 1 0 0 1 1 1 1 0 1 0 1 1 0 0 0 1 1 1 0 1 1 0 0 1 1 1 0 1 0 0 0 1 1 0 1 1 1 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 1 1 1 0 1 0 1 0 1 0 0
F2F2 F3 B1B B B B B2 B B B B B3 F4 F5
Operational procedure events
Searching for information 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0
Problem scoping 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 0 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0
Checking content/equipment 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Figure A.1.7 MW’s Traces Using the Microwave Oven (coded at two second intervals with annotations) 
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Figure A.1.8 DH’s Traces using the Current Operational Interface (coded at two second intervals) 
 
Name DH 
aged 65-
67 Cognitive domain events 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 1 
m
in
u
te
2 4
Indentify intentions 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on packaging 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
information gathering with the appliance instruction manual
Information gathering on information appliance 0 0 1 1 0 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
Concurrent verbalisation supporting problem solving 0 2 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 1 1 0 0 1 1 0 0 0 0 0 0 1 1 0 0
Operational procedure events
Searching for information 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
Problem scoping 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
Checking content/equipment/mcor utensils 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 1 # 1 1 1 1 1 1 # 1 0 0 0 1 # 1 1 1 1 1 1 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 1 1 1 1 1 1 1 0 0 0 0
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Figure A.1.9 AD’s Traces using the Current Operational Interface (coded at two second intervals) 
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Indentify intentions 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on packaging 0 0 0 0 0 0 0 0 # 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering with the applaince instruction manual 
Information gathering on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 0 1 0 0 0 1 1 0 0 0 0 0 1 1 1 1 0 1 0 1 1 0 0 1 1 1 1 0 1 1 1 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 1 1 0 0 1 1 1 1 0 1 1 1 1 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 0 0 0 0 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 0 1 1 0 1 1 1 1 0 1 1 1 1 1 0 1 1 0 0 1 1 1 1 0 1 1 1 1 0 0
Operational procedure events
Searching for information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 # 1 1 1 1 1 0 0 Q Q Q 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 Q Q Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Problem scoping 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 Q 1 1 0 0 0 0 0 0
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Figure A.1.10 JB’s Traces using the Current Operational Interface (coded at two second intervals) 
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Indentify intentions 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0
Information gathering on packaging 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 1 0
Information gathering with the applaince instruction manual 
Information gathering on information appliance 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 0 1 1 0 1 1 1 1 1 1 1 0 1 1 1 0 1 1 0 0 0 1 1 1 1 0 0 0 0 1 1 0 1 1 1 0 0 0 1 1 0
Operational procedure events
Searching for information 0 0 0 0 0 1 1 1 1 1 1 1 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Problem scoping 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 # 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Figure A.1.11 ST’s Traces using the Current Operational Interface (coded at two second intervals) 
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Indentify intentions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on packaging 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on information appliance 0 0 0 0 0 1 1 1 0 # 1 0 0 1 1 1 1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 8 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
Concurrent verbalisation supporting problem solving 1 0 0 1 1 1 1 1 1 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 1 1 0 1 1 1 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 1 1 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 1 0 1 0 0 1 1 0 1 0 0 0 1 1 1 1 0 0 0 1 1 0 1 1 0 0 1 0 0 0 0 1 0 0
Operational procedure events
Searching for information 0 0 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0
Categorising information 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 0 0 0
Problem scoping 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 0 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
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Figure A.1.12 SL’s Traces using the Current Operational Interface (coded at two second intervals) 
 
Name 
SLaged 
65-67 Cognitive domain events 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
Indentify intentions 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0 0 0 1 1 0 0 0
Information gathering on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on information appliance 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 # 1 1 1 # # 1 0 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem identified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 0 1 0 0 0 0 0 0 0 0 1 1 0 1 0 1 1 0 1 1 1 0 0 0 1 0 1 0 0
Operational procedure events
Searching for information 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Problem scoping 0 0 0 0 1 1 1 1 1 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 # # # # # # # # # # # # # 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 0 0 0 0 0 0
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Figure A.1.13 CMK’s Traces using the Current Operational Interface (coded at two second intervals) 
 
 
 
Name CMK 
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Indentify intentions 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 0 1 1 1 1 0 0 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0
Information gathering on packaging 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 q q q q q q q 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on information appliance 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 0 0
Information obtained 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 1 0 0 1 1 1 0 0 0 1 1 1 1 1 0 0 0
User interface problem identified on information appliance 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 # 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q q q q 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem identified 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 1 1 1 1 1 1 1 1 0 0 0 1 0 0 0 1 0 0 1 0 0 0 1 0 1 1 1 1 1 0 1 1 0 1 1 1 q q q q q q q 1 1 0 1 0 1 1 1 1 0 0 1 1 1 0 0 1 1 1 1 1 0 0 0 0 0 0 0
Operational procedure events
Searching for information 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 q q q 1 q q q 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
Categorising information 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 q q q q q q q 0 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0
Problem scoping 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Figure A.1.14 JH’s Traces using the Current Operational Interface (coded at two second intervals) 
 
Name 
JHaged 70-73 Cognitive domain events 0 2 4 6 8 10
Indentify intentions 0 0 0 0 0 0
Information gathering on packaging 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0
Information gathering on information appliance 1 1 1 1 1 0
Information obtained 0 0 0 0 0 0
User interface problem identified on information appliance 0 0 0 1 1 0
User interface problem identified on packaging 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0
Cognition problems identified  0 0 0 1 1 0
Cognition problem resolved 0 0 0 0 0 0
Visual cognition problem identified 0 0 0 0 0 0
Visual cognition problem resolved 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 0 0 1 1 1 0
Operational procedure events
Searching for information 1 1 1 1 0 0
Categorising information 0 0 0 0 0 0
Programming 0 0 0 0 0 0
Problem scoping 1 1 1 1 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0
Impediments to workflow
Interaction Breakdown 1 1 1 1 1 0
Interaction Focus-Shift 0 0 0 0 0 0
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Figure A.1.15 JH’s Traces using the Current Operational Interface (coded at two second intervals) 
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Indentify intentions 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 1 0 1 1 1 0 0 1 0 0 1 0 1 0 0 0 0 1 1 1 1 1 0 1 0 1 0 0 0 0 0 1 0
Information gathering on packaging 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering with the appliance instruction manual 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Information gathering on information appliance 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1` 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 # 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Information obtained 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 ` 1 1 1 1 1 0 0 1 0 1 0 1 1 1 1 1 1 1 0 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
User interface problem identified on information appliance 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem identified on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
User interface problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on packaging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Irrelevant user interface information obtained on information appliance 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problems identified  1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem identified 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visual cognition problem resolved 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Concurrent verbalisation supporting problem solving 1 1 0 0 0 0 1 1 0 0 1 1 0 1 1 1 1 1 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 1 1 1 1 0 1 1 0 1 0 1 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 0 0 1 0 1 0 0 0 0 1 1 1 1 0 1 1 0 1 0 0 0 0 0 1 0
Operational procedure events
Searching for information 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Categorising information 0 0 0 0 0 0 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
Programming 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 1 1 1 0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0
Problem scoping 1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Checking content/equipment/mcor utensils 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Developing alternative solutions with m/c user interface 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M/C in use 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0
Impediments to workflow
Interaction Breakdown 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Interaction Focus-Shift 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Figure A.1.16 New Operational Interface on iPad App & the Design Goals Summarised ((reproduced from Figure 6.1, annotated with key design features) 
